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ABSTRACT 
The Bihar hairy caterpillar, Diacrisia (Spilosoma) obliqua Walker 
(Lepidoptera : Arctiidae) is widely distributed in India and in the Oriental region. 
It is notorious foliage feeder, polyphagous in natural and known to attack a wide 
variety of agricultural crops including weeds as well as ornamental plants. 
Therefore, it was considered for study in an attempt to understand the impact of 
Biocides on S. obliqua under lab conditions. The varying responses of the moth, 
including reproductive biology and behaviour, morphological, histological, 
histopathological and histochemical, against different insecticides has formed a 
comprehensive study of male and female reproductive organs. Neem products 
(Multineem 8 EC and Achook 0.15 EC) are found to be effective at cellular and 
sub cellular level. 
The experiments were carried out in a BOD at temperature 27.00 + 
1.00°C and 70.00 + 5.00% relative humidity (RH) with photoperiodicity 
maintained at 14 : 10 (L : D). The larvae were fed on castor leaves {Ricinus 
communis) and adults on 5% Glucose/Honey solution soaked in sterilized cotton 
wool. The biocide concentrations were prepared after conducting preliminary 
experiments on the LC-50 value. Four different concentrations viz., 0.01%, 
0.025%, 0.05%, 0.08% multineem and 0.001%, 0.002%, 0.004%, 0.006% 
achook were prepared after the method of Krishna and Ranjhan (1980). These 
selected concentrations were applied on 5'^  instar larvae. Observations were 
taken for treated as well as untreated (control) insects on parameters such as 
mortality, fecundity, fertility, longevity of adult and oviposition etc. The 
experiment was replicated and data subjected to statistical analysis. 
Morphological, histological, histopathological and histochemical observations of 
male and female reproductive organs of S. obliqua have also been made. 
The life cycle was completed in 30-45 days. The fecundity varied from 
S87 to 1474 egg (1094 + 83.44) and incubation 110.87 + 09.61 to 131.92 + 
12.35 hours (123.45 + 02.11). The fertility varies between 82.81 + 03.74 to 96.12 
+ 02.18% (91.08 + 01.12). The total larval period ranged from 557.52 to 713.65 
hours (624.42 + 16.23). The first instar larval period varied from 58.97 + 03.34 to 
82.63 + 05.92 hours (70.32 + 02.59), second instar 69.92 + 09.34 to 94.20 + 
06.19 hours (82.11 + 02.24), third instar 97.63 + 13.42 to 135.97 + 11.61 hours 
(111.08 + 04.34), fourth instar 110.92+ 14.63 to 145.97+ 15.59 hours (121.16 + 
03.34), fifth instar 119.53 + 11.92 to 135.58 + 09.44 hours (128.33 + 01.86) and 
sixth instar 108.25 + 09.24 to 134.30 + 04.13 hours (122.69 + 02.73). The pre-
pupal and pupal duration varied from 56.58 + 03.40 to 84.58 + 05.40 hours 
(70.55 + 02.90) and 132.97 + 11.10 to 334.25 + 11.71 hours (255.14 + 15.76) 
respectively. The newly formed pupa is pale yellow but turns to leathery brown 
within 1-2 hours. The emergence of adult ranged from 78.42 + 05.33 to 95.98 + 
01.66% (89.31 + 01.98). Adult longevity of mated male and female was 114.58 + 
11.17 to 191.02 + 14.10 hours (152.56 + 07.50) and 136.97 + 12.08 to 209.53 + 
16.13 hours (172.71 + 07.77) respectively. The unmated adult longevity of male 
and female varied from 127.02 + 14.45 to 171.30 + 14.42 hours (145.03 + 04.64) 
and 138.97 + 11.04 to 196.58 + 13.28 hours (163.56 + 05.88) respectively. The 
freshly emerged adult has pad-like wings and takes about one and half-hours to 
expand to their normal size. The observations also reveal that the females mate 
once in their lifetime, whereas the males can mate more than once. The pre-
oviposition period ranged from 18.82 + 04.17 to 35.73 + 07.36 hours (26.12 + 
01.94). The oviposition period extends from 71.20 + 08.08 to 122.48 + 05.84 
hours (91.71 + 05.67). The post-oviposition period varied from 23.58 + 05.56 to 
51.20 + 03.51 hours (34.19+ 02.96). 
Multineem was quite toxic, but achook proved to be more effective when 
compared to the control against different parameters including mortality, 
longevity of larvae & adult emergence, fertility, fecundity, pupal & adult 
malformation, percentage of unhatched pupae, pre-oviposition, oviposition and 
post-oviposition of S. obliqua in the laboratory. Different concentrations of 
multineem viz., 0.01%, 0.025%, 0.05% and 0.08% were used with castor leaves 
against two days old fifth instar larvae up to the beginning of pre-pupal stage. 
The mortality of treated fifth and sixth instar larvae with multineem varied from 
14.66 + 03.57 to 32.42 + 04.53% and 10.82 + 02.20 to 29.01 + 02.72% 
respectively which was more in comparison to the control (03.97 + 01.08 and 
03.13 + 01.05 respectively). The longevity of treated fifth and sixth instar larvae 
with multineem ranged from 116.15 + 04.11 to 76.20 + 06.40 hours and 111.35 + 
05.05 to 73.40 + 07.36 hours respectively which is considerably reduced as 
compared to respective control (139.30 + 06.86 and 131.68 + 04.06). The 
longevity of mated male and female moth of S. obliqua emerged from treated 
larvae with multineem ranged from 145.92 + 04.66 to 110.87 + 04.32 hours and 
158.63 + 06.07 to 128.92 + 05.20 hours respectively which was decreased as 
compared to respective control (171.58 + 07.51 and 182.25 + 09.65). The 
unmated male and female adult longevity varied from 133.97 + 04.40 to 107.58 + 
06.47 hours and 155.68 + 04.27 to 125.02 + 04.24 hours respectively which is 
also considerably reduced as compared to respective control (163.97 + 06.15 
and 174.58 + 06.69). The fecundity ranged from 609 + 67.25 to 304 + 27.97 egg 
per female and was quite reduced than control (1182 + 211.59), the fertility was 
more affected and was 59.54 + 06.55 to 24.70 + 05.38% respectively as 
compared to control (93.15 + 03.54). The percentage of malformation was 
extended to 15.02 + 03.30 to 08.21 + 02.77% as compared to the control (02.10 
+ 00.23). The percent of unhatched pupae varied from 13.05 + 01.13 to 19.31 + 
01.85 which is enhanced as compared to the control (04.76 + 00.91) and pupal 
longevity was also increased and ranged from 296.02 + 12.21 to 357.87 + 10.78 
hours as compared to control (294.63 + 09.82). The percent adult emergence 
varied from 41.25 + 05.38 to 15.26 + 02.22 which is decreased as compared to 
control (87.31 + 03.58). The pre-oviposition, oviposition and post-oviposition 
period was found to be 24.35 + 03.64 to 09.30 + 02.00 hours, 91.73 + 04.10 to 
68.53 + 03.06 hours and 32.20 + 02.58 to 17.43 + 03.33 hours respectively 
which is decreased as compared to control (26.20 + 02.64, 98.02 + 03.85 and 
38.35 + 02.61). 
Effect of different concentrations of achook viz., 0.001%, 0.002%, 0.004% 
and 0.006% on biological activity of S. obliqua was studied in the manner as for 
multineem. The mortality of fifth and sixth instar larvae ranged from 16.49 + 
03.22 to 29.41 + 03.30% and 11.36 + 02.41 to 24.96 + 03.09% respectively 
which was greatly increased as compared to the control (03.97 + 01.08 and 
03.13 + 01.05). The fifth and sixth instar larval longevity was found to be 110.92 
+ 04.57 to 81.92 + 06.65 hours and 113.10 + 04.94 to 88.58 + 06.78 hours 
respectively which was lower than the control (139.30 + 06.86 and 131.68 + 
04.06). The longevity of mated male and female ranged from 155.97 + 04.87 to 
112.53 + 06.28 hours and 140.35 + 05.02 to 130.40 + 05.20 hours respectively 
which is greatly reduced as compared to control (171.58 + 07.51 and 182.25 + 
09.65). Also reduced was the adult longevity of unmated male and female, which 
was 127.92 + 06.64 to 98.02 + 06.36 hours and 146.30 + 04.65 to 96.25 + 05.91 
hours respectively as compared to the control (163.97 + 06.15 and 174.58 + 
06.69). The fecundity of female moth of S. obliqua emerged from larvae treated 
with achook varied from 521 + 81.82 to 269 + 43.92 eggs and is much lower as 
compared to the control (1182 + 211.59). The fertility ranged from 50.41 + 09.73 
to 16.96 + 03.87% and was reduced when compared to the control (93.15 + 
03.54) and increase in malformation percent was extended from 16.29 + 03.01 to 
09.59 + 01.46% as compared to the control (02.10 + 00.30). The unhatched 
pupae percentage varied from 10.80 + 01.31 to 22.33 + 03.93% which was 
greatly increased when compared to the contrcl (04.76 + 00.91). The pupal 
longevity was also found to be 312.20 + 13.67 to 362.30 + 10.88 hours as 
compared to the control (294.63 + 09.82). The percentage of adult emergence 
varied from 36.25 + 02.62 to 12.44 + 02.89% which was less as compared to the 
control (87.31 + 03.58). The pre-oviposition, oviposition and post-oviposition 
period were found to be 23.20 + 03.01 to 08.58 + 01.89 hours, 82.25 + 04.69 to 
64.63 + 04.22 hours and 34.02 + 05.78 to 18.92 + 02.66 hours respectively 
which were considerably reduced as compared to the control (26.20 + 02.64, 
98.02 + 03.85 and 38.35 + 02.61). 
The observations include morphology and histology of the reproductive 
organs of both gexes of the moth, which may provide base for further research 
and application. The male reproductive system consists of usual components of 
two completely fused testes, a pair of vasa deferentia, a pair of seminal vesicles, 
a pair of accessory glands and unpaired ejaculatory duct. The accessory glands 
consist of a pair of long narrow convoluted tubes, which basically dilate to form 
the reservoir. The latter converge posteriorly to open into the common duct of 
the accessory glands. This duct is large and highly convoluted and ends up into 
the ejaculatory duct, which subsequently enters into the aedeagus as 
endophallus. The testis is surrounded by outer capsular and inner testicular tube 
coat. The shape of the nuclei varies in different layers. The inner coat extends 
into the testes as partitioning walls or septa, so as to form testicular follicles. 
Each follicle contains different developmental stages of sperm. The testis-sac 
consists of only spermatogonial, spermatocytic and a few spermatid cysts. The 
mature sperm-cyst is somewhat elongated and all the heads of the cyst are 
arranged parallel to each other to form a bundle. 
The female reproductive system consists of a pair of ovaries paired lateral 
oviduct, unpaired oviduct, common oviduct, unpaired spermatotheca and a pair 
of accessory glands. Each ovary is formed of four ovarioles. The oviduct opens 
posteriorly into a genital chamber. The genital chamber may form a vagina, and 
this is often extended to form a bursa copulatarix for the reception of the 
endophallus as is the case in S. obliqua. Opening into the genital chamber is a 
spermatotheca for the storage of sperm, and a pair of accessory glands. The 
ovaries are the largest organ and occupy most of the abdominal cavity. The 
bursal orifice leads into a short bursal duct. A narrow seminal duct arising from 
the bursal duct opens ventrally into the anterior end of the vagina. Each ovariole 
is divisible into an apical germarium and a long convoluted, beaded vitellarium. 
Each follicle contains a posteriorly placed oocyte and anteriorly placed nurse 
cell. The epithelium of the follicle extends in the form of incomplete septum 
between the oocyte and nurse cells leaving a conspicuous communicating 
passage between the two chambers. Each oocyte is more or less spherical and 
filled up with yolk. Its rounded nucleus is least granulated. 
Toxic effect of different concentrations of multineem and achook on the 
reproductive organs of adult moth of S. obliqua emerged from treated larvae has 
been observed. Pupal and adult malformations were also noted under similar 
conditions. Less pronounced shrinkage occurred in the few male and female 
reproductive organs with 0.01 and 0.025% multineem. With 0.05% the testes 
showed elliptical enlargement. The peritoneal sheath was broken at certain 
places. The vitellarium and germarium were found to be shrunken and abnormal 
swellings were also observed in the ovariole. With the application of 0.08% 
multineem, loss of circular shape of testes, damage in the peritoneal sheath 
have been observed resulting in the appearance of two greatly compressed and 
fissured testes. Some shrinkage and location disturbances in case of ejaculatory 
duct and accessory glands have also been recorded. The terminal filament and 
germarium were found broken and vitellarium was proportionally reduced in 
comparison to the control. 
Effect of 0.001 and 0.002% achook on the male and female reproductive 
organs of S. obliqua was significant which suggest that with higher doses good 
results could be obtained. 0.004% achook caused considerable shrinkage in the 
testis and peritoneal sheath was also found broken. The irregular swelling 
results in the distortion of the normal shape of ovariole which in turn disturbed 
the regular arrangement of developing eggs within the ovariole. The pupa size 
was also reduced besides being curved. With 0.006% achook vasa deferentia, 
accessory glands and common accessory gland were adversely affected. A 
major damage at the site of testes was recorded, leaving no gap between 
peritoneal sheath and testes. The colour of eggs also tuned dark brown with 
some blackened eggs also spotted in the bulged portion of ovariole. The bursa 
copulatrix became short, slender and delicate. The abnormalities as a whole 
signify the adverse effect of biocide on the reproductive organs. 
With the sub-lethal concentration (0.01%) of multineem, the germ cells 
except that the late spermatids and the spermatozoa appeared clumped as giant 
sperm bundles. The spermatocyte and spermatid cysts were observed along 
with reduced testicular cysts. In the ovarioles fragmentation of the oocyte was 
observed along with distorted shape and shrunken ooplasm. The primary 
spermatogonia presented abnormally thickened ring shaped chromosomes 
besides clumping among them. The oocytes got depleted, the follicular 
epithelium appeared as very thin pycnotic layers and the tunica propria was 
distorted being detached from the oocytes. The cytoplasm was also reduced 
having enlarged vacuoles. Although, 0.05% multineem does not interfere in the 
testicular cysts attaining final stage of the spermatogenesis but these spermatid 
cysts undergo necroses. Reduction in the number of sperm-bundle, short and 
deformed spermatozoa were observed. The spermatozoa were scattered to the 
extent that entity of the bundle became inconspicuous. The effect of 0.05% 
multineem on the ovariole is manifested as extensive damage in the follicular 
epithelium. The peritoneum and basement membrane got considerably shrunken 
and broken showing further damage to the primordial germ cells. In some 
ovarioles the number of immature oocytes were very few as compared to the 
control. With 0.08% multineem the spermatogonia remained immature, the 
spermatocytes got degenerated and further hypertrophied spermatids were 
noticed in the lumen. The sperm cysts lost their tails, and at few places brown 
coloured bodies could be seen. The peritoneal sheath was highly broken at 
many places. In the ovarioles the clumping of chromatin material of the nuclei of 
the nurse cells was found along with the oocytes. The degeneration of follicular 
chamber was evident. The cytoplasm got reduced and vacuolated while other 
damages v/ere almost similar to earlier concentration of multineem. 
Effect of 0.001% achook on testes was noticed as the reduction of 
testicular cysts and inhibition of spermatogenesis. With 0.002% achook inter-
follicular portions were found broken or even becoming invisible at few places. 
The spermatogenesis was considerably inhibited and spermatogonial and 
spermatocytic cysts got disturbed. Epithelium showed considerable shrinkage. In 
the ovary the germinal portion of the ovariole remained intact having large 
number of primordial germ cells. At the posterior region, each of the primary 
oogonia along with few trophocytes or nutritive cells was enclosed in a thin 
epithelial layer. 0.004% achook caused changes and alterations like the earlier 
lower concentrations of achook. The spermatocytes showed diffused chromatin 
material in their nuclei and subsequently sperm-cysts were damaged. Germ 
cells, which survived, lost their identity and even got disintegrated later. 
Cytoplasmic material also showed clumping at certain places with vacuoles also 
appearing. The spermatids were displaced and the sperms got affected showing 
clumped heads and weak tail. The ovarioles were seen completely disintegrated 
and follicles degenerated. The ovariole contained large number of immature 
oocytes. The oocytes contained less ooplasm and had small vacuoles at the 
centre. The chorion was found shrunken inward and large gaps appeared 
between ovariole and chorion. Effect of 0.006% achook on testes was seen as, 
few accumulated weak sperm heads. Several vacuolization of the follicle was 
evident and the apical cells as well as the germinal epithelium of the follicles 
were also affected. The germinal epithelium was further interrupted and only 
remains of the degenerated cells could be noted. The ovarian development 
revealed adverse affect on the follicular epithelium and vitelline membrane 
formation. A greater vacuolization appeared in the centre and yolk granules in 
the ooplasm were also noticed. Ovarioles presented clumping of chromatin in 
the nuclei of nurse cells and oocytes. Damage to the follicular epithelium and the 
inter-follicular tissue was also evident. 
The histochemical observations were confined to the study of the nucleic 
acid, protein and glycogen in the ovariole and testis of S. obliqua. In the 
beginning of the yolk formation, the RNA of follicular epithelium decreased 
considerably. The nuclei, strongly red positive, do not show any increase or 
decrease in their DNA. The DNA granules are seen in the present material as 
clear green in outer layer of ovarioles. The presence of nucleic acid at various 
zones of testes varied, spermatgonial and follicular epithelial zones show 
moderate to low, and spermatid sperm-cyst zone show normal reaction for 
nucleic acid. 
After using Millon's reagent, protein was stained pink to brick red. All 
components of ovariole show strong positive reaction for protein. The granulated 
cytoplasm is intensely stained indicating large quantity of protein while it is 
greatly reduced within the ovariole but considerably increased in the extra-
ovariole portion. Protein was however, uniformly distributed in the ooplasm. In 
the testis, protein was recorded maximum in spermatogonial zone and spermatid 
zone leaving the follicular zone as moderate. 
The glycogen appears early in the follicles and is contributed to the 
ooplasm mainly by the trophocyte. The glycogen and other periodate reactive 
carbohydrate were in magenta while the nuclei in blue colour. In testes the 
reaction for glycogen was strong in interlobular partition wall and follicular 
epithelium, moderate in spermatid, sperms and spermatocytes, but slightly weak 
in spermatogonia. 
Effect of different concentrations of multineem 8 EC and achook 0.15 EC 
on the histochemistry (Nucleic acid. Protein and Glycogen) of testes and 
ovariole was recorded. The reaction for nucleic acid was considerably reduced 
showing irregular distribution with increasing multineem concentration at some 
places. In cytoplasm zone, nucleic acid was weak and remained accumulated at 
certain points. Ovarioles were slightly affected with lower concentration of 
multineem. Nucleic acid presence was poor in whole ovariole treated with 0.05% 
and 0.08% multineem. Follicular epithelial zone appears to possess a weak 
concentration of nucleic acid stain. 0.08% muitineem shows poor percentage 
and weak reaction for nucleic acid in the testes. The spermatogonial and 
follicular zone show moderate to weak and other zones of testes show absence 
of colour of Methyl Green-Pyromin Y. 
Reaction for nucleic acid was similar to the control at lower concentration, 
but distribution of nucleic acid was highly affected at higher concentrations of 
achook. The cytoplasm of nurse cells and follicular epithelial cells remained 
unstained and seem to be DNA negative. Cytoplasm material was accumulated 
at the epithelial lining and vacuoles were developed with 0.004 and 0.006% 
achook. At 0.006% achook the spermatogonial zone shows total absence of 
nucleic acid while in follicular and epithelial wall it was moderate to weak. 
0.01% muitineem reveals no change in protein and was almost similar to 
the control. With 0.025 and 0.05%, the protein yolk was found accumulated at 
the out side and in-side of ovariole and formed a ring shape structure. With 
0.08% muitineem, significant results were obtained as more than half of the zone 
of ovariole became devoid of protein yolk. In the testes 0.08% muitineem caused 
irregular distribution of protein in the whole testes. 
The distribution of protein was studied at lower concentration of achook, 
which was only marginal, but higher doses gave significant results. With 0.006% 
achook the protein containing tyrosine percentage in the ovariole was reduced 
and cytoplasm material was moderate to low. In the testes, the effect of 0.004% 
achook was seen as moderate to low protein in spermatogonial zone, spermatid 
zone and follicular wall. However, epithelium shows almost normal reaction. 
Reaction for protein was irregular in the testes as a whole. 
The reaction for glycogen in ovariole with 0.01% muitineem was slightly 
reduced. The 0.025 and 0.05% greatly affected the distribution of glycogen and 
its presence was reduced in cytoplasm of the ovariole. 0.08% muitineem 
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affected the distribution of glycogen which was moderate to weak in follicular 
epithelium, zone of spermatid and reduced in spermatozoa. 
With 0.006% achook the distribution of glycogen in ovariole was greatly 
reduced and irregular. But at lower concentrations, effect was similar to 
multineem. The glycogen granules are evenly distributed in ooplasm in between 
yolk spheres and are more densely present in the peripheral region of ooplasm. 
More than half of the area of yolk was glycogen deficient. 0.006% achook shows 
insignificant reaction for glycogen in interlobular partition wall and spermatocyte 
zone. However, it was normal to moderate in other zones of the testis. 
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General Introduction 
I. GENERAL INTRODUCTION 
India is basically an agricultural country. Nearly 70 percent of its total 
working population derives its livelihood from agriculture and rural occupation. It 
accounts for more than half of the total national income and therefore, the 
mainstay of Indian economy. India with its diverse climatic zones is capable of 
growing large variety of crops and therefore, occupies an outstanding position in 
the world with respect to several agricultural products. 
Unfortunately annual crop losses in India are huge and estimated to be 
around Rs 6,000 to 7,000 crore, out of which 26 percent loss is caused by 
insects and rodents together. Use of more than 70 percent of the total pesticides 
as insecticides, reflects the magnitude of insect pest problems (Muthuranan, 
1995). 
The advent of pest problem led to the development of chemical control 
methods practically known as layman's weapon for easy and quick use. This 
however, resulted in ecological hazards. In addition to environmental hazards, 
increasing doses of pesticides further aggravated the condition by way of 
resistance against several insecticides in a number of insect species. Georghiou 
(1990) has reported about 500 insect species becoming resistant to one or more 
insecticides. Although global awareness towards environmental problem and 
enforcement of stringent rules against pesticides especially insecticides have 
downsized their use and profitability to some extent, the insecticides still 
constitute an essential input in agriculture. 
Plants are known to be the richest source of renewable bio-active organic 
chemicals. The total number of such chemicals exceeds 4,00,000 out of which 
about 10,000 are secondary metabolites whose major role in the plants is 
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reportedly defensive especially against insect pests (Swain, 1977). These have 
generated interest in botanical pesticides because of their considerable merit : 
(i) plant origin pesticides are generally safer than conventionally used synthetic 
pesticides as they have been natural compounds for millions of years without 
any ill or adverse effects on ecosystem (ii) they being cheaper and are easily 
affordable to farmers (iii) the chances of developing resistance to such products 
are highly unlikely which has already been demonstrated in case of neem. 
Neem was described for the first time by Adrien Henri Laurent De Jussieu 
1830 as Azadirachta indica under family Rutineae (Order : Rutales) of dicot 
plants. Although native to India, A. indica is found in many parts of Asian, African 
and American countries where it is known by different local names (Schmutterer, 
1995). In India, A. indica is widely distributed in Uttar Pradesh, Bihar, Orissa, 
Maharashtra, Gujarat, Rajasthan, Karnataka, Andhra Pradesh, Tamil Nadu and 
Kerala except in the hills above 1,000 m and eastern hill states. It is grown in 
almost all agro-forestry systems viz., agro-silviculture, agro-silivihorticulture and 
home-gardens. It grows well on a variety of sites viz., red meteoritic soil, poor 
shallow, stony and sandy soils in arid and semi-arid areas. It can adapt to high 
temperature of up to 48°C and rainfall between 250 mm to 1,200 mm. Neem tree 
has emerged as a single most important source for producing environment 
friendly organic pesticides besides its high value for its medicinal, fodder, food, 
oil and timber etc. The species is familiar among local farmers who have 
developed traditional management technique. Recently, its bio-activity 
particularly against insect pests has been investigated in detail (Saxena, 1989; 
Schmutterer, 1990; Singh, 1993 and Martinez & Emden, 1999). Its complex 
series of bitter constituents are supposed to be actively involved in most of the 
biological effects on insects. 
The effect of neem on insect parasitoids, predators and other non-target 
organisms is of particular interest in integrated pest management and has 
received much attention from several workers (Joshi et a!., 1982; Srivastava & 
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Parmar, 1985; Aguda ef a/., 1986; Rossner & Zebitz, 1986; Schmutterer & Halst, 
1987 and Lamb & Saxena, 1990). Its use in integrated pest management has 
been widely recommended (Jayarj ef a/., 1993 and Parmar, 1993). 
While much work has been done in laboratory and field on different 
aspects including evaluations of botanical pesticides etc.; scanty information is 
however available on the isolation and identification of active principles. Most of 
the work however, has come from south Asian countries especially India. Among 
the plants, neem has been subjected to maximum investigations. In India alone, 
neem has been evaluated against more than 105 insects, 12 nematodes and 9 
fungi (Dhaliwal & Singh, 1993). The drupes and other parts of neem plant [A. 
indica) contain Azadirachtin, which has repellent and insecticidal action against 
insects. The dust prepared from drupes can be applied to vegetable crops or 
can be mixed with grain meant for storage so as to protect it against the ravages 
of insects. Shade-dried leaves of this plant, when placed in between the folds of 
warm clothing are highly effective against the woolly bear (Anthrenus varax 
Waterhouse), cloths moth {Tineola bisselliela Hummal). 
There is no doubt that widespread and indiscriminate pesticide 
application in both developing and developed countries have often caused 
environmental contamination resulting in ecological hazards. This is especially 
true with agricultural pesticides, which account for about 97 percent of all 
pesticide residues. However, integrated pest and vector management programs 
do not advocate a total ban on the use of pesticides, but rather call for an 
intelligent and judicious use of pesticides in a way which is compatible with other 
methods such as cultural, physical and biological control (Youdeowei & Service, 
1986). The application of pesticides according to the economic threshold level is 
only one of the recommendations under the integrated pest management. Since 
the plants need to be protected against pests, the use of pesticides becomes 
imperative for achieving high production. 
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Among various methods for controlling insect pests, the most commonly 
used tool has been the application of insecticides but its extensive and 
indiscriminate use has created three major problems. First, residual effect of 
insecticide is considered a potential health risk through direct or indirect 
exposure. A lot of research has been done to determine the amount of 
insecticides in several crops following the use of various formulations of different 
insecticides. Residual effects of these chemicals have also been studied on the 
animals. Secondly, possible hazard of resistance in insect pests against 
insecticides. A large number of insecticides to fish, wildlife and live stock and its 
bio-magnification poses major problem. Third and most important aspect is the 
development of resistance in Insect pests against insecticides. A large number 
of species of insects have become resistant, to a greater or lesser degree 
against many of the 'effective' insecticides. To overcome the problem of 
resistance different strategies such as the alternate use of insecticides, use of 
two or more insecticides in combination and integrated pest control have been 
adopted. 
Besides insecticides, nutrition is also one of the important exogenous 
factors which plays important role in the physiology of growth and reproduction 
of insect pests and a number of researchers have reported that mortality, 
longevity, development of oocytes, fecundity as well as fertility were affected by 
the quality and quantity of nutrition. Nutritional substances such as proteins, 
carbohydrates, fats, amino acids, salts and vitamins are necessary for different 
physiological activities of insect's life. House (1961) has discussed the 
nutritional requirement of different chemical substances by the insect. Both 
fecundity and fertility are dependent on adequate nutrition. 
The use of chemicals as pesticide has increased manifold in the last six 
or seven decades and will continue to be one of the most dependable weapons 
for the entomologists in future. They are in fact the only tools in emergent 
situations when insect pest's populations approach or exceed the economic 
threshold. Pesticides are indispensable in view of increase in agricultural 
production, for preventing losses caused by insect pests. The development of 
modern pesticides was hailed as a major break-through for the mankind, the 
organochlorine insecticides being the first synthetic organic pesticides to be 
developed. DDT heralded a revolution in economic entomology. The introduction 
of synthetic insecticides especially organochlorines proved very toxic and 
hazardous to non-target animals. The evolutionary history of insecticidal 
resistance is thus closely related to the history of pesticides, both quantitatively 
and qualitatively. The use of any insecticide depends chiefly on the insecticidal 
property of its active agent. Some insecticides are phytotoxic, therefore can not 
be used indiscriminately. Organochlorines are more persistent as compared to 
organophosphates or carbamates. The recently introduced synthetic pyrethroids 
and biocides are new generation insecticides. Biocides exhibit high activity 
against insects, low mammalian toxicity, greatly increased stability, effectiveness 
at very low dosages, rapid action and degradation to innocuous residues. The 
aim remains to build a movement for creating awareness and promoting 
botanical and natural alternatives that are socially and environmentally 
acceptable in addition to being biodegradable and non-toxic to human beings. 
Plant origin pesticides are one of the oldest pesticides used by man. Neem 
leaves have been in use as grain and cloth protectant against insect pests since 
time immemorial. Tobacco extract was also used as plant spray in parts of 
Europe about 300 years ago (Dhaliwal & Heinrichs, 1998). 
Since the sub-lethal doses of insecticides continue to add up in the body, 
the toxic residue causes an imbalance in the essential biochemical constituents 
resulting into physiological dysfunction ultimately causing damage to vital 
organs. Due to the problem of residual effect in food and fodder crops 
preference is given for the use of insecticides which are less toxic to mammals 
and easily degradable into non-toxic components in a short time. Plant product 
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insecticides fit very well in this category and can be usefully employed to control 
a number of insect pests of agricultural crops. 
The present study is an attempt to understand the impact of insecticides 
on Diacrisia {Spilosoma) obliqua Walker (Lepidoptera : Arctiidae) under 
laboratory conditions. It also includes the evaluation of effectiveness of several 
organic insecticides against the given pest. S. obliqua which has been selected 
for study primarily in view of its general occurrence throughout India as well as 
its wider host range including alternative host-plants (various grasses) which are 
perennial in nature. Besides, the availability of the pest almost throughout the 
year alongwith the host plant was another factor for its selection in the present 
study. Thereby, varying responses of the moth, including morphological, 
histological, histopathological and histochemical against different insecticides 
has been comprehensively studied. 
Since the reproductive physiology of insect is adversely affected by the 
use of insecticides, effect of neem was studied in detail on this pest with a view 
to have a practical foresight. Histochemical studies have been conducted to 
workout the functioning of various tissues associated with oocyte as well as the 
nature of nucleic acid, protein and glycogen in the ovary and testes of S. 
obliqua. The effect of neem products on the reproduction of insects is known 
since 1975, when active components extracted from neem seed kernels and 
azadirachtin (aza) were reported for the first time (Steets and Schmutterer, 
1975). Similar, effects on lepidopteran insects are also documented in studies 
on volatile extracted from neem seed kernels, neem oil and neem leaves. 
Reproduction-reducing effects of neem products were also found in insects 
belonging to various other orders, such as Heteroptera, Homoptera, 
Hymenoptera, Lepidoptera and Diptera (Schmutterer and Rembold, 1995). 
Although the neem products (Multineem 8 EC and Achook 0.15 EC) are 
neurotoxic in action but are found to be effective at all cellular and sub-cellular 
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level. The present studies have been undertaken with emphasis on the effect of 
application of neem products and related biocides (neem extracts) on the 
anatomical, physiological and histopathological aspects of S. obliqua when 
applied orally or topically under laboratory conditions with a view to presenting a 
model for the control of pests in the field. 
Review of Literature 
II. REVIEW OF LITERATURE 
Several authors have studied the reproductive biology and the effect of 
insecticides on the male and female reproductive system, mortality, fecundity, 
fertility, longevity, histochemistry (Nucleic acid, Protein and Glycogen) and the 
malformation of different stages of experimental insects. There are certain factors 
that affect the reproduction of insects. These factors may be endogenous as well 
as exogenous such as food, chemicals, pheromone temperature, humidity etc. 
Insecticides affect the normal function of specific cells and tissue of insects' body 
and make the survival of insect difficult. Sufficient information on the effect of 
insecticidal application must be available before deciding on the control 
measures against harmful insects. It is all the more relevant for the selective use 
of pesticides in y\&N of their harmful effects on the non-target animal and 
humans. Further, insect pests are developing resistance against many of the 
commonly used insecticides. Quite many of the lepidopterous insects fall in the 
group of well-known pests and considerable information is becoming available on 
the effect of such chemical on these pests besides causing environmental 
pollution. 
Bio-pesticides (neem extracts), cause a series of deleterious effects such 
as morphological, physiological and biochemical alterations and certain other 
organ damages. Any toxic substance which induce damage to the living organ 
may ultimately lead to imbalance in the cell constituents resulting in bio-chemical 
perturbations, thereby causing malformations of the physiological systems. 
Histopathological observations are also used as one of the tools in 
understanding the nature of damage and mode of action of the pesticides. 
Available information on the reproductive biology and behaviour of the test 
insect, histopathological changes in the reproductive organs, under the toxic 
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stress of various pesticides and chemosterilants have been reviewed in the 
present chapter. 
REPRODUCTIVE BIOLOGY AND BEHAVIOUR 
Diacrisia {Spilosoma) obliqua Walker is an important pest of various crops 
in India. The larvae of this moth are polyphagous and voracious feeders of the 
foliage. It has been reported from all over the country to cause considerable 
damage to pulse, cotton, vegetable, sorghum, maize, ragi, oil seeds, small 
millets, sugarcane, paddy, wheat, guinae grass, jute, sannhemp, beet root, 
potatoes and sweet potatoes (Mathur, 1962; Pant, 1964; Gargav & Katiyar, 1971 
and Premchand, 1975). It has been reported as the most destructive pest of 
soybean (Gangrade, 1976; Bhardwaj & Bhalla, 1977; Ram & Bhattacharya, 
1978; Khaleque, 1983; Haq et al., 1984 and Ali, 1988). It causes significant 
damage to oil- seed crops like groundnut, castor, mustard and sunflower. 
Srivastava et al. (1965); Pachori et al. (1980); Islam et al. (1983) and Vora et al. 
(1985) have reported it on groundnut. Anomis flava has been recorded as a pest 
of cotton, okra (bhindi), deacon hemp, urd, sunflower, hollyhock, silk cotton tree 
and ban bhindi (Puttarudriah and Mahesiwariah, 1956 and Patel et. al., 1964). It 
has been reported on mustard by Bakhetia & Brar (1982) and Bakhetia (1986); 
on castor by Srivastava et al. (1972); on Soybean by Singh & Gangrade (1974) 
and on Sunflower by Sethi et al. (1979) and Rohilla et al. (1981) and on jute by 
Sharif (1962) and Tripathi (1967); on maize by Verma et al. (1977). Among 
pulses it has been found causing severe damage to mug bean (Lai, 1985) and 
has been reported on numerous species of forest shrubs and trees including 
Butea frondosa, Cedrela toona, Colebrookia oppositifolia, Lantana camara, 
Morus alba, M. indica, Tectona grandis and Vitex negundo by Beeson (1941). 
Among ornamental plants, the flowers of Gladiolus and leaves of globe 
artichoke {Cymara scalymus) are very prone to its attack (Krishnah et al., 1975). 
Mathur (1962) has also recorded its incidence on few medicinal plants. Another 
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species S. lubricipeda has been reported on apple and pear foliage by 
Sengelevich (1960) and Spilosoma virginica was found very common on weeds 
(Rizzo, 1978 & 1979). The larvae of D. obliqua have been deployed to control 
the cosmopolitan weed Lantena (Beeson & Chattargee, 1940). D. obliqua being 
a polyphagous pest consume a variety of foods. These foods have variable 
affect on their growth, development, nutrition and reproduction (Babu et al., 
1978; Gupta etal., 1979; Prasad & Premchand 1980; Gupta, 1982; Srivastava & 
Pandey, 1983; Goel et al., 1986 and Kabir & Miah, 1987). A number of natural 
enemies of D. obliqua have been reported (Lall, 1960 and Kaira et al., 1967) but 
the practical utilization of these natural enemies has not been explored. 
Morphological studies of the adults of D. obliqua have been done by 
Ahmad & Ahmad (1976) and the larval morphology was studied by Goel & 
Kumar (1983), while biology and larval morphology of S. virginica was studied by 
Rizzo (1978 & 1979). Banerjae (1971) reported the eclosion and oviposition of 
the moth Andraca bipunctata follow specific rhythmic patterns with fixed time 
during a 24-hour cycle. Moth emerges throughout the night, but with increased 
frequency at both dawn and dusk. Eclosion and oviposition follow daily rhythmic 
patterns irrespective of fluctuation in light and climatic factors in different 
seasons. It is suggested that these rhythms are responsive to an endogenous 
biological clock. The model for determining theoretical moth densities 
appropriately predicts the moth density for any sampling day, provided eclosion 
is continuous. The record of larvae of the moth A. bipunctata are known to cause 
periodic defoliation of mature tea bushes, Comellia sinesis in North-East (Watt 
and Mann, 1903). An outline of its life history has been given by Das (1965), 
while Banerjee (1970) demonstrated the presence of a diurnal rhythmic or 
aggregation and damage caused by the 5'^  instar larvae. 
In most Lepidoptera, diurnal changes in activity patterns and rhythmic 
behaviour is influenced by the light intensity (Larsen, 1943 and Edwards, 1964). 
These observations thus suggest that each behaviour pattern reacts differently 
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to light-dark sequences, though changes in temperature, relative humidity and 
other environmental factors their interactions can also be confounded with light 
changes (Corbetl, 1960). Rao and Patel (1973) studied the eggs of Anomis flava 
F. that hatched in 2 days at 27.21 °C but fated to hatch at 38°C. The percent 
larvae completing their development in 12.7 days was 80.0, while remaining 
completed it in 13.0 days at of average laboratory temperature of 29.17°C. The 
pupal period was 6.27 days at 29.17°C and 6.05 days at 32°C. The pupae can be 
sexed by examining the distance between the genital and anal slits. The adults 
are dimorphic in type of antennae and wing patters. The females lay an average 
of 370 eggs when each was caged with a single male and 407 eggs when each 
was caged with two males. The total life cycle from laying of eggs to death of the 
adult averaged 31.42 days. The incubation period has been reported from 2 to 6 
days in A. flava (Khan, 1956; Puttarudriah and Maheswariah, 1956 and 
Srivastava and Bhatnagar, 1963). 
Deshmukh etal. (1979) have recorded the survival of D. obliqua larvae at 
4 days interval on 16 plant species belonging to 12 different families as 27 + 1°C 
temperature and 85 + 5 percent relative humidity (RH) and 12 : 12 hours 
photoperiod. Observations indicate that on Cardia myxa Linn., Solanum 
melogena Linn., Ocimum gratissimum Linn., Ficus benghalensis Linn., Acalypha 
colorata Sprg and Cavabis sativa Linn, larvae were unable to feed because of 
physico-chemical nature of the plant species. Although on 0. gratissimum and 
C. myxa greater feeding was recorded in preference tests but these two plants 
failed to support grovAh and development of test insects. This may perhaps be 
attributed to the difference in selection behaviour between 1** and 6'*" instar 
larvae. The other food plants viz., Carica papaya Linn, Cucurbita maxima Duch, 
Gossypium arboreum Linn., Vigna mungo Hepper., V. aureus, Ricinus communis 
Linn. Brassica Juncea (Linn.), Luffa autangula (Linn.), Zea mays Linn, and 
Glycine max (Linn.) proved to be better as indicated by higher survival of larvae. 
The type of food plants also had a direct effect on the average weight of the 
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larvae. It has been emphasized that apart from the presence or absence of 
phagostimulants / phagodeterrents and attractants / repellents, the basic 
chemical constitution of plants and efficiency of utilization also plays an 
important role in accepting a plant by any insect (Kogan, 1972; Barney and 
Rock, 1975). 
Prasad and Premchand (1980) have recorded the effect of nine food 
plants viz., cow-pea, Vigna unquiculata Linn.; groundnut, Arachis hypogaea Linn.; 
sunflower, Heliothis annuum Linn.; kalat, Phaseolus mungo Linn.; cotton, 
Gossypium sp.; lucerne, Medicago sativa Linn.; jawar. Sorghum vulgare Pers.; 
velvet bean on the development of Diacrisia obliqua Walker. None of the larvae 
survived on jowar, velvet bean and lantana. On the basis of larval period, larval 
survival, larval weight, pupal period, pupal weight and sex-ratio of D. obliqua, 
sunflower was found to be the most favorable food and cowpea was the least. On 
the basis of growth-index, six of the remaining food plants could be arranged in 
order of decreasing suitability as sunflower> cotton> kalai> lucerne> cow-pea> 
groundnut. Thus the food plants which were favorable for larval survival were 
suitable for rapid development of the insect. In general, food plants, which were 
the best for the development of the insect, produced more females and vice-
versa. The growth of D. obliqua on sunflower (20.9 days), cotton (21.0 days) and 
kalai (21.4 days) were quicker, while longest larval period was recorded on 
groundnut (24.5 days) a view supported by Pandey et al. (1968) and La! & 
Mukharji (1978). Snyder (1954) and Kapil (1967) also observed marked effect of 
food plants on the larval period of Peridroma margaritosa and Philosamia ricinl. 
Pandey and Srivastava (1967) obtained similar results with Prodenia litura. Role 
of food plants on survival and maturity of insect had been emphasized by Smith 
(1959) who worked on grasshopper. Snyder (1954) on cutworm obtained similar 
results, P. margaritosa and Lai & Mukharji (1978) on D. obliqua. 
Binder (1996) studied the adults of Agrotis ipsilon, which consumed 
sucrose solution and water just after eclosion. The percentage daily feeding and 
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the mean daily consumption for females and male fed sucrose solution declined 
with time, whereas the percentage daily feeding and the mean daily consumption 
of those fed with water increased with time. Adults lived longer by feeding on 
carbohydrate and their life expectancy was similar to that of the corn earwarm, 
/-/. zea (Adier, 1989). Long-duration flight behaviour in k. ipsilon was significantly 
affected on the third day following eclosion if supplemental carbohydrate was not 
in the adult died (Sappington & Showers, 1993). Consumption of carbohydrate 
solution during the adult stage significantly extended A. ipsilon longevity, which 
has been reported for other moths (Gunn & Gatehouse, 1985 and Willers et al., 
1987). Shalam & Pener (1984) recorded sexual behaviour in azadirachtin 
induced 'over-aged' last instar male larvae of Locusta migratoria. Also in this 
case the corpora allata may have been (partially) activated at the 'appropriate' 
time. 
The moths of A. bipunctata mated immediately after emergence 
(Banerjee, 1971) whereas the moths of H. armigera (Singh & Singh, 1975), 
Phyllocnistic citrella (Pandey & Pandey, 1964) and Lamprosema indicata 
(Kapoor et al., 1972) respectively matured for mating in about 36 minutes to 32 
hours, 14 to 24 hours and one day after emergence respectively. In moths 
generally the mating starts at late night as reported in P. citrella (Pandey & 
Pandey, 1964), D. obliqua (Siddiqi, 1985), Cnaphalocrosis medinalis (Velusany 
& Subramaniam, 1974), A. bipunctata (Banerjee, 1971), L indicata (Kapoor et 
al., 1972), Polytela gloriosae (Sachan & Srivastava, 1965) and Hemithea 
tritonaria (Mehra & Shah, 1966). However, in Parnara mathias (Teotia & Nand, 
1966) and Chilo zonellus (Trehan & Bhutani, 1949) mating occurs in the 
morning. In the moths of Polymatus boieticus (Pandey et al., 1978) and Amrasca 
biguttula biguttula (Singh, 1978) the mating was accomplished during the 
daytime. On the other hand in Thiacidas postica it can occur at any time during 
the day or night (Mehra & Shah, 1970). 
13 
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The male of D. obliqua showed fast activity and excitement before mating 
as was also observed in L. indicata (Kapoor ef a/., 1972). Mating took place in 
tail-to-tai! position in D. obliqua like that of P. gloriosae (Sachan & Srivastava, 
1965) and A. biguttula biguttula (Singh, 1978). Mating in D. obliqua was 
observed (Siddiqi, 1985) only once in its life which occurred before laying of first 
batch of eggs. Single mating during the whole life was also recorded in P. 
citerella (Pandey & Pandey, 1964) and H. armigera (Singh & Singh, 1975), but 
the moths of L. indicata mated more than once during their life (Kapoor ef a/., 
1972). 
Siddiqi (1985) observed mating period of D. obliqua which was 11:15 + 
1.35 hours, in Thiacidas postica varied from 10-12 hours (Mehra & Shah, 1970), 
15-30 minutes in P. citerella (Pandey & Pandey, 1964), 20-25 minutes in P. 
gloriosae (Sachan & Srivastava, 1965), 5-10 minutes in P. mathias (Teotia & 
Nand, 1966), 15 minutes to 3 hours in L indicata (Kapoor et ai, 1972), 5 
minutes in C. medinalis (Velusany & Subramaniam, 1974) and 5-25 minutes in A. 
biguttula biguttula (Singh, 1978). 
The growth disrupting effect of azadirachtin obtained from neem trees, 
Azadirachta indica A. Juss, in now well recorded but its exact mode of action is 
still not very well understood (Rembold et al., 1980, 1982). Azadirachtin bas 
juvenilizing effects on the last instar larvae of Spodoptera litura (Gujar and 
Mehrotra, 1983). Application of azadirachtin, resulting in poor larval growth due 
to inability of larvae to moult into next instar, has been reported in Lymantria 
dispar (Skatulla and Meisner, 1975), Plutella xylostella (Ruscoe, 1972) and 
Spodoptera frugiperda and Oncopeltus fasciatus (Redfern et al., 1981). Gujar 
and Mehrotra (1983a) observed the effect of azadirachtin and other neem 
products like mathanolic neem kernel extract and neem oil on the growth and 
development of the tobacco caterpillar, S. litura. Neem products showed varying 
degree of deleterious effects on growth and development. These are presumed 
to be due to interference with neuro-endocrine system of insect. 
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Neem product treated adults were deformed and have shorter life span 
than control adult moth in Ephistia kuehniella (Rembold et al., 1980, 1982 and 
Sharma et al., 1980). The findings suggest that azadirachtin and other neem 
products affect larval moulting, longevity of adult, fecundity and egg hatchability. 
These results are in conformity with similar effects of azadirachtin on larval-
pupal moulting in E. kuehnella (Rembold etal., 1981). 
Dimetry and EL-Hawary (1995) investigated the effect of various 
concentrations of Neem Azal F of neem seed kernel extract with 5% azadirachtin 
content on adult and first nymphal instars of the cow- pea aphid Aphis 
craccivara. Nymphal treatment of biological activities of neem increased the 
adult aphid's assayed (Goyal et al., 1971; Ketkar, 1976 and Schmutterer et al., 
1981). The insect repellent and anti-feedant action of neem has been attributed 
to be triterpenoid azadirachtin and other related compounds (Butterworth & 
Morgan, 1968 and Zanno et al., 1975). Diverse biological effects on insects 
wing, neem derivatives on insects as anti-feedant (Pradhan et al., 1962 and 
Babu & Beri, 1969), growth disrupter (Sharma et al., 1980) insecticidal (Attri & 
Prasad, 1980) have been thoroughly examined. 
Srivastava et al. (1997) observed the alcoholic and hexane extracts of 17 
neem ecotypes and found it toxic to the egg, larval and pupal stages of the 
cosmopolitan, external greganous larval parasitoid Bracon brevicornis (Wesm). 
In general, the hexane extracts showed higher toxicity against the egg and pupal 
stages whereas the alcoholic extracts were more toxic against the larvae. 
Azadirachtin content of the neem ecotypes revealed no apparent correlation with 
the observed toxicity against different stages of the parasitoid. The bio-activity of 
the test materials bears no apparent correlation with their azadirachtin content, 
as also reported against S. litura (Kumar, 1994) and against Ctietosiphon 
fragaefolii {Quaness, 1994). 
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Pandey et al. (1968) found highest survival rate of D. obliqua on 
Sesamum indicum followed by G. hirsulum, P. mungo and Vigna sineris and 
least on Zea mays and Crotolaria juncea. Katiyar et al. (1975) reported that 
Solanum melongena is a suitable host for the development of D. obliqua. Marked 
variation in the larval development of D. obliqua on different food plants was also 
reported by Ratan and Nayak (1963); Pandey et al. (1968) and Prasad and 
Bhattacharya (1975) on S. littoralis. Pandey et al. (1968) reported shortest larval 
period of D. obliqua on R. communis and longest on Crotolaria Juncea. Ishley 
(1936) has established this fact in cotton boll-worm, Heliothis zea. Such 
differences in selection behaviour of early and later instars have also been 
reported in case of Pyrausta nubilalis Huber (Guthrie et al., 1960), and Papilio 
macliaon Linn. (Wilkund, 1973). The growth may be inhibited due to the 
presence of toxic chemicals, nutritional deficiencies or nutritional imbalances, 
(House, 1969; Barney & Rock, 1975). Shapiro (1968) also found that older 
larvae of Isia Isabella (Smith) were able to tolerate Petunia volaceo Sudanerika 
while the same plant was toxic to young larvae. Hard texture of leaf or presence 
of hairs and spines in certain plant species have been reported to be possible 
deterrent (SooHoo & Fraenkel, 1966 and Smith et al., 1975). Prasad & 
Bhattacharya (1975) also postulated that certain plant species fed to S. littoralis 
larvae could not support the development due to physical structure of leaves. 
Zwodfer & Harris (1971) mentioned that the ability to support the larval 
development is usually restricted to a smaller range of plants. Such behaviour 
has been reported in Gastrophysa cynea (Malsh) (Force, 1966), Altica caerulea 
Olivier (Sankaran et a!., 1967), Uroplata gerardi Pic (Bennett & Maraj, 1967), 
Agasicles sp. (Simons ef al., 1968) and Octotoma scabripennis Gurin (Harley, 
1969). 
Singh and Sandhu (1981) observed oviposition behaviour of C. partellus 
from cotyledonary to fourth leaf of the plants, but 94.9 percent of the egg masses 
were found to be laid on cotyledonary. Singh & Sandhu (1978) reported the 
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relationship of oviposition with plant age and stage of growth, plant height, plant 
condition, dates of sowing, different cultivers and spacing. Singh (1963) reported 
93.33 percent of the egg masses near base of the leaf and 6.67 percent away 
from it. 
Pandey ef a/. (1968) studied the rearing of larvae of D. obliqua on 12 
natural food plants and their effect on the larval and post-larval development. On 
the basis of survival percentage of larvae, growth index, gain in weight of larvae, 
pupal weight, percentage of adult emergence, size and fecundity of moths, till 
was found to be the most preferred food for D. obliqua. Sannhemp was the least 
preferred of the food plants tested and was found to have a distinct retarding 
effect on the growth rate of D. obliqua resulting in a prolonged larval period and 
a slightly longer pupal period than in the case of other food plants. Similarly, the 
larvae completely failed to survive when reared on jowar and bajra. Shaw ef a/., 
(1988) studied the biology of the arctiid D. obliqua on Dalichos lablab, Sesamum 
indicum, Phaseolus mungo, Cynodon dactylon, Azadirachta indica, sweet 
potatoes, groundnuts, okra, maize and rice in the laboratory. 
Jeyabalan and Murugan (1997) have reported the limonoid compounds 
deacetylnimbin, 17-hydroxy-azadiradione, gedunin, salannin and 
deactylgedunin. Constituents of neem tree {A. indica) and their effects on 
development, feeding and reproduction in a polyphagous insect H. armigera. 
Murugan ef a/. (1993) studied the effect of neem products (neem oil and neem 
kernel extracts) on the nutritive and reproductive physiology of H. armigera. 
Jeyabalan & Murugan (1995) investigated the neem timonoids on its antifeedant 
effect, growth inhibition and toxicity in H. armigera. Murugan & Kumar (1996) 
studied the amount of food consumed, total egg output and adult longevity were 
maximum on young leaves reared H. puera than reared on aged leaves. Insects 
are known to alter their feeding behaviour in response to the changes in both 
dietary composition and their nutritional requirements (Mattson, 1980; Scriber & 
Slansky, 1981 and Murugan ef a/., 1992). The growth rates of herbivorous 
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lepidoptera larvae are strongly dependent upon water content of their food 
(Timmins et al., 1988 and Murugan & AncyGeorge, 1992). 
Singh and Jakhmola (1980) reported the larval-pupal intermediates 
(deformed pupae) which were observed in 8.5% larvae during the mass rearing 
of D. obliqua. The studies on endocrine organs indicate that the juvenile 
hormone secreted by the corpora allata is responsible for these deformities 
resulting in the formation of larval-pupal intermediate. As a correlation of 
neurosecretory change with growth and development in D. obliqua (Singh, 1977) 
some larval-pupal intermediates (deformed pupae) were observed. Novak (1966) 
observed that the juvenile hormone of the corpora allata is responsible for the 
cocoon spinning in the last larval instar of lepidopterous larvae. Piepho (1967) 
also observed that implantation of active corpora allata in the spinning larvae of 
Galleria mellonalla, does not influence the spinning behaviour but actually leads 
to restoration of feeding instincts. 
Sethi et al. (1979) studied the incidence of Bihar hairy caterpillar, D. 
obliqua on sunflower, Helianthus annus. Unseasonable rains during February 
followed by gradual rise in temperature, under fairly high humidity and longer 
sunshine period provided conducive conditions for the population build up of this 
polyphagous insect-pest, attaining its peak with 1350 caterpillars per plant by 
the third week of March. The damage to sunflower by hairy caterpillar, Pericallia 
ricini has been reported by Ayyanna et al. (1978). D. obliqua was first noted by 
Sethi et al. (1976) causing serious damage to the crop. 
Pathak and Krishna (1991) reported detrimental effects of oil volatile on 
post-embryonic development and adult emergence of Corcyra cephalonica in 
varying degrees when individuals were reared for the 2 weeks of larval life or for 
a similar duration from the sixteenth day of their lives in an environment of 
eucalyptus oil volatile. But a marked decline in the reproductive potential, in 
terms of egg output and egg hatchability of the moth was observed when the 
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larvae were reared for the first 15 days in the presence of eucalyptus oil volatile. 
Tripathi ef a/. (1987) studied the antifeedant activity of 26 plant extract against S. 
obliqua 3"^ instar larvae in laboratory and reported that the extracts of 
Lindenbergia grandiflora has highest antifeedant activity (82.75%) followed by 
Passiflora mellissima (71.84%), Schima khasiana and Ehvetia canarensis which 
showed moderate activity (61.1 & 60.7) respectively. Ghatak and Bhusan (1995) 
on the basis of involution on the ovicidal activity of the some indigenous 8 plant 
extracts on eggs of S. obliqua revealed that none of the eggs could hatch when 
treated with 1.0% methanol and petroleum ether extract of Piper nigrum. 
Similarly, petroleum ether extracts of ^. indica and Erythrina indica at 1.5% and 
methanol extract of E. indica and Annona squamosa at 2.0% and A. indica at 
1.5% produced the same result. 
BIOCIDES 
Jhansi and Singh (1993) tried the neem seed Kernel extracts viz., 
aqueous, ethanolic, hexane, ethanol soluble part of hexane extract, ethanol 
insoluble part of hexane extract, chloroform extract of deviled kernel and various 
combinations screened for their effects on egg hatching, oviposition, feeding, 
growth and development of the l-lelicoverpa armigera. The observations showed 
that except EtoHIHE all other extracts significantly reduced egg hatching. 
EtoHSHE and CHEKD caused considerable inhibition of egg hatching. The high 
activity of EtoHSHE is due to azadirachtin and of CHEFDK is due to both salanin 
and azadirachtin (Singh et a!., 1988). But susceptibility of eggs is influenced by 
several factors such as permeability of chorion and solvent of active substances 
(Smith and Wagenknecht, 1950). Thus, pure compounds such as Salanin, 
Salannol, Salannol Acetate present in seed oil have low antifeedant activity than 
azadirachtin when combined with CHEDK (Krauns et al., 1987). The significant 
higher larval mortality with 36.6 to 100 percent was recorded in different 
treatments of the extracts in comparison to the control (6.6-13.3%). CHEDK, 
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CHEDK + EtoHSHE and CHEDK + HE caused 100% mortality at 4% 
concentration, with extended larval period (Rembold et al., 1981; Ladd et al., 
1984 and Schluter et al., 1985). 
Raman et al. (1993) observed the physiological effects of an enriched 
neem formulation (achook), containing azadirachtin, azadiradione, nimbocinol 
and epinimbocinol (= 2800 ppm) under laboratory condition on lepidopteran 
pests : H. armigera and Earias vitella and recorded strong antifeedant effects. It 
also affected the larval and pupal survival and adult emergence in a dose-
dependent manner in both the species. It reduced the larval growth and total 
developmental growth, prolonged the time for pupation, and lowered pupal 
weights, resulting in the emergence of deformed individuals. Studies on the 
effect of achook on pests of cotton, okra, brinjal, cabbage, jute and tea testified 
significant reduction in pest population and crop damage (Kogan, 1988 and 
Saxena, 1987). Dose dependent effects leading to reduction in larval growth rate 
has been observed in Spilosoma maculatus Walk (Umeh, 1988) and Spodoptera 
frugiperda (Mikalajczak ef al., 1989). Formulations based on neem are also 
reported to be environment friendly due to their low toxicity to natural enemies of 
insects (Saxena, 1987). 
Murugan et al. (1993) reported that neem kernel extract and neem oil 
interfere with the food utilization and biochemical and enzyme profiles related to 
nutritive and reproductive physiology of Heliothis armigera. The amount of food 
consumed and the efficiency of ingestion and digestion of food were markedly 
inhibited by the neem products. Moths obtained from treated larvae failed to 
produce mature oocytes, probably as a result of interference of azadirachtin with 
vitellogenin synthesis and its uptake by oocytes. Neem products in male and 
female reproductive tissues suppressed protein level as well as fat body 
development in the larvae along with the enzymes involved in lipogenesis. The 
choice of the food plant is intricately associated with diverse aspects of the 
feeding behaviour with considerable effect on the reproductive potential of the 
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Species (Slansky & Scriber, 1985; Slansky, 1992; Murugan & AncyGeorge, 
1992). Where the decreased fecundity and oocyte development is a 
consequence have impaired vitellogenin synthesis and its uptake by the 
developing oocytes (Ludlum & Sieber, 1988). Decrease in the activities of ACP 
and ALP in the testes and seminal visicle may be due to the inhibitory role of 
NSKE and neem oil on spermatogenesis and sperm survival (Schluter and 
Schuiz, 1983). 
Saradamma (1993) reported that the juvenomimetic activity of benzene 
extracts of neem against red cotton bug, Dysdercus cingulatus on fifth instar 
nymphs showed variation of nymphal stage significantly. Extracts of Azadirachta 
indica and Eupatohum odoratum could completely inhibit the normal adult 
emergence. Egg laying was suppressed with the use of extracts of Clerodendron 
infortunatuom, Vitex megundo, Solanum indicum and Ageratum conyzoides. 
Nerlum oleander, Codiaeum veriegatum and Adathoda visica extracts caused 
the production of non-viable eggs only. Maximum number of malformed adults 
was observed in insects treated with A. indica with longevity varying from 0.87-
7.44 days. However, the oil of marigold containing tagetone with juvenile 
hormone mimicking activity was not found effective on D. koenigii (Saxena and 
Srivastava, 1973). 
Rao and Tilak (1993) observed in a laboratory experiment conducted for 
two generations with nine botanical pesticides. Neemguard, Vepanic, Morgosal 
and Necknool (neem products), Alletin (garlic synthetic extract), Annmet and 
Stipple (Annona), Karrich (Pongamia) and RD 9 Replin for the control of first, 
second and fourth instar larvae of citrus butterfly, Papilio demoleus Linn. Allitin 
gave 94.55%, 95.82% and 93.22% protection over control with highest larval 
mortality (79.44) among all botanicals (Solunke and Deshpande, 1991). The 
superiority of Allitin was reported by Chitra et al. (1990) in the control of 
Spodoptera litura and RD 9 Repelin case of P. demoleus (Skatulla and Meisner, 
1975). Aphids on rapeseed and mustard, are controlled mainly by the use of 
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insecticides viz., methyldemetone 0.02 % or dimethoate 0.03% or phosphamidon 
0.03% (Reddy & Reddy, 1980). Earlier pyrathrins, rotenone, nicotine, lantana, 
senhund and sukhadarshan also were found to be effective against pests and 
also safer to mammals and other higher animals (Pandey et al., 1977; Tikku and 
Kout, 1978). The fecundity was also significantly lowered at 1.0 and 1.5% 
concentrations of A. indica, L camera and /. cornea (Pandey et al., 1987). 
Azadirachtin, a tetranotriterpennoid from the neem tree {Azadirachta indica A. 
Juss) is a strong antifeedant and growth disrupter to several insect species and 
thus a potential candidate for use in plant protection (Ruscoe, 1972; Steets & 
Schmutterer, 1975; Ladd et a!., 1978; Warthen, 1979 and Schmutterer & 
Rembold, 1980). Growth disruption by azadirachtin has been shown to be 
primarily due to its effect on neuroendocrine centers leading to change in pool 
size of technical morphogenetic hormones (Sieber & Rembold, 1983). 
Schluter et al. (1985) administered azadirachtin injection to freshly 
emerged last instar larvae of Manduca sexta and elicited different reaction 
according to the dose administered. At low doses, pupation occurred in most of 
the cases, but the resulting pupae were defective for the most part. Individuals 
complete development, moulting to supernumerary larvae or death of larva 
(Kauser & Koolman 1984). The action of azadirachtin on Manduca larvae on 
endocrine mechanism regulate moulting and metamorphosis on weight gain in 
Locusta migratoria and Epilachna varivertis (Sieber and Rembold, 1983). 
Nymphs treated with higher dose in Locusta with azadirachtin show incomplete 
or no moulting (Cymborowski etal., 1982; Sieber & Rembold, 1983). 
Goyal et al. (1971) studied the non-edible character of various minor oil 
seeds viz., neem {A. indica), mahua {Bassia latifolia) and Karanj {Pangamia 
glabra) which was probably due to the presence of some odoriferous, toxic and 
bitter constituents. Sinha (1960) initiated systematic investigation of better 
utilization of non-edible cakes with a view to improve the economy of non-edible 
oils. Pradhan & Jotwani (1968) reported that the aqueous neem seed 
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suspension showed absolute antifeeding property up-to 0.05 percent against the 
desert locust, Schistocerca gregaria Forsk and the migratory locust, L. 
migratoria. The antifeeding properties of alcohol extract of neem seed cake was 
quite significant against S. gregaria (Sinha, 1964). Seed extracts of neem has 
feeding deterrence effects on insects like Apogona blanchardi Retsema, 
Maladera insannabilis Brenske, Adoretus bicolor Brenske and Adoretus sp. 
(Pradhan etal., 1962; Narayanan etal., 1980). Doharey & Singh (1989) expend 
their view that the neem seed kernel extracts being cheap, easily obtainable and 
environmentally safe could be utilized in the management of chaffer beetles. 
The leaves, seeds and fruits of chinaberry, Melia azadirach are known to 
display feeding inhibition growth retardation and insecticidal activity in some 
insects (McMillian etal., 1969; Morgan and Thornton, 1973; Schmutterer, 1989; 
Oroumechi and Lorra, 1993). The plants treated with neem oil have been 
demonstrated to reduce oviposition in the dried fruit beetle, Corpophilus 
hemipterous (L), Nilaparvata lugens and Dacus cucurbitae (Saxena et al., 1981 
and Singh & Srivastava, 1983). Chen et al. (1996) reported that the oviposition 
of the diamond back moth, Plutella xylostella got deterred by extracts from fruits 
of the chinaberry, M. azadarach in Taiwan. Hough-Goldstein and Hahn (1992) 
reported that an aqueous extract of tansy, Tanacetum vulgare L was detrimental 
to oviposition by the imported cabbage-worm and the diamond back moth. Javer 
et al. (1987) found that pine oil was an ovipositional deterrent for the onion 
maggot, Delia aniiqua (Meigen), under laboratory conditions. 
Sharma (1996) investigated the effect of three neem-based formulations 
viz., Nimbecidine, Achook and Nethrin as protestant against Rhyzopertha 
dominica (F) and showed that Nimbecidine (10, 20 ppm.) and Nethrin (1:30, 2:30 
v/w) were most effective. These products had a three-fold effect, suppressing the 
adult emergence, reducing grain damage as demonstrated by Jilani and Su 
(1983) and further it did not adversely affect germination of stored maize as 
shown by Jotwani and Sirear (1965). Agarwal & Mall (1988) found the 
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insecticidal and antifeedant activity of extracts of neem (fraction c and 
thionemone) and of seeds of Calophyllum inophyllum against 3"^  instar larvae of 
D. obliqua at concentrations of 1, 2.5 and 5% by contact as well as oral 
application and obtained a positive correlation between concentration and 
mortality with the contact method (33, 33-100% mortality) than with the feeding 
method (2.66-80%). 
Martinez and Emden (1999) have reported sub-lethal concentrations of 
azadirachtin incorporated into artificial diet and when offered to 3'" instar larvae 
of Spodoptera littoralis (Boisduval) prolonged larval instar and reduced food 
intake. These effects were observed after the treated larvae had been 
transferred to plain diet; the reduced food intake was therefore a secondary 
antifeedant effect. This effect declined with time once the treatment with 
azadirachtin was stopped. Growth was more severely reduced than food intake, 
and the reduction in growth also occurred during periods when food intake was 
not affected, possibly due to post-ingestive effects. The secondary antifeedant 
effect by azadirachtin Mordue (Luntz) et al. (1985) and Rembold (1989) was 
seen to vary with species. It was not observed in Manduca sexta (Timmins & 
Reynolds, 1992) and in Pridroma saucia (Koul & Isman, 1991). Also, such 
effects seemed to be greater at the higher than the lower dose, as reported In 
Spodoptera exempta (Walker) after topical application of azadirachta (Tanzubil 
& McCaffery, 1990). Agarwal (1993) reported that the four plant extracts viz., 
Thionemone {Azadirachta indica A. Juss preparation), heartwood extract {A. 
indica) extract of Swietenia macrophylla king seed, and C. inophyllum at three 
different concentrations i.e., 1.0, 2.5 and 5.0% were found to be equally 
effective. Certain plants extracts possess the ovicidal activity (Nakajina & 
Kazuyoshi, 1980; Osmani & Sighamony, 1980 and Katiyar and Srivastava, 1984) 
and azadirachtin, an isolate of neem seed, has been reported to be one of them 
(Koul, 1984 and Dorn, 1986). 
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Jagannadh and Nair (1996) observed the effect of 5 [ig and 20 ng of 
azadirachtin on the eggs of Spodoptera mauritia and the hatchability and post-
embryonic development. Although the treatments have no effect on egg 
hatchability, the larvae showed high rate of mortality during post-embryonic 
development. No effect on the embryonic development and hatchability with 
topical treatment of AZA to the eggs of Dysdercus koenigii (Koul, 1984), 
Tribolium castaneum (Mukherjee & Ramachandran, 1989), Oncopeltus faciatus 
(Dorn, 1986) and S. exampta (Tanzubil & McCaffery, 1990) has been observed. 
Several orthopteran and lepidopteran species show that ecdysteroids 
accumulate in the eggs mainly as conjugates (Hoffman & Laguex, 1985). From 
these reserves the future embryo will elaborate its own ecdysteroid peaks 
necessary for the control of embryonic moults and cuticulogenesis (Hoffman & 
Laguex, 1985; Delbecque et al., 1990). Such delayed effects of neem seed 
derivatives on larval mortality have been reported in several insect species 
(Webb etal., 1983; Arnason etal., 1985 and Simmonds etal., 1990). 
Barnby and Klocke (1987) observed that plant chemicals could be 
administered, either through artificial diet or by oral injection, to fifth instar larvae 
of the tobacco bud-worm, Heliothis virescens. At a dietary concentration of 
0.03125 ppm azadirachtin significantly reduced the amount of diet consumed 
and the weight gained by the larvae. Higher dietary concentrations (0.25 and 0.5 
ppm) were necessary to reduce efficiency of larval conversion of digested and 
ingested food respectively. 
Azadirachtin however did not reduce pupal weight of lepidopteran pests 
of rice (Schmutterer et al., 1983). Reduced and delayed maximal liters of the 
hormones associated with moulting have resulted from azadirachtin test 
(Rembold, 1984 and Dorn, 1986). Thus, azadirachtin effects H. varesecens in a 
manner similar to other tested species of insects. Neem extracts including 
azadirachtin has deterrent antifeedant effect in S. gregaria (Pradhan ef a/., 1962; 
Butterworth and Morgan, 1968 & 1971) and Saxena et al. (1981) also showed 
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feeding deterrency of neem oil to Brown Plant Hopper (BPH), Nilaparvata 
lugens. Neem seed kernel suspension has been used for protection of tobacco 
nurseries against Spodoptera litura (Joshi and Ramprasad, 1975; Joshi et al., 
1978), systemic studies on repellency and ovipositional deterrence of the 
extracts against larvae and adult are lacking (Pawar & Ramakrishnan, 1971 and 
Fagoonee, 1981). 
Bhathal et al. (1994) evaluated the feeding deterrent activity of Neemark 
(80% extract of A. indica water miscible formulation containing azadirachtin) 
against 3"^  instar larvae of Spilosoma obliqua by the leaf-disc dipping method, 
concluded that the antifeedant activity over control ranged between 6-7% at the 
lowest concentration (0.313%), and 86% at the highest concentration (5%) being 
significantly reduced over control. Tripathi and Jain (1993) isolated the excelsin 
by bioassay directed fractionation of the MeOH extract of stem bark and found 
that excelsin (0.3%) exhibited an antifeedant activity against S. obliqua at 80% 
with effective dose (ED-50) as 0.563% excelsin. 
MORPHOLOGY, HISTOLOGY AND HISTOPATHOLOGY 
Raju ef al. (1990) investigated the effect of the flower extract of Thevitia 
neriifolia on the reproductive organs of male. Fifth instar nymphs of Dysdercus 
similis and reported small testis lobe with incomplete development of testis 
follicles, thin and filamentous vasa deferentia and small sized accessory glands. 
Raju and Thakur (1993) noticed morphological and gonadotropic effects in fifth 
instar nymph of D. similis when applied topically with the extracts of flowers of 
Prosopis specigera (Leguminosae) in petroleum either, chloroform and 
methanol. The treated insects moulted into adults, adultoids and super-nymphs 
and also noticed retention of first batch of oocytes in the ovarioles. These 
mutagenic effects could be due to flavones present in the flower's extract. Of 
particular interest is that a single dose of injected azadirachtin (10 pg / female) 
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inhibits ovarian development in Locusta migratoha (Rembold, 1984). Since 
ovarian development and associated metabolic changes are under endocrine 
control (Gilbert et al., 1980 and Raabe, 1982), it would be worth while to study 
azadirachtin action from this angle. With the changes in oocyte, it appears that 
the somatic growth precedes initiation of ovarian cycle. 
The studies on the hickory shuck-worm, Laspeyresia caryana showed that 
the sperm leave the spermatophore, travel through the ductus seminals across 
the common oviduct up to the ductus spermatheca (Callahan & Cascio, 1963). It 
has been observed that the reproductive system of the hickory shuck-worm is 
similar to that of the pink bollworm, Pectinophora gossypiella as described by 
Wellso and Adkisson (1962). The paired testes enclosed in a common scrotum 
is seen easily through abdominal wall of male pupae as is also the case in 
several species in moths (Callahan, 1958; Callahan & Chapin, 1960; Callahan & 
Casio, 1963). 
Mathur (1967) reported in Syntomis cyssea, the testes as a median mass, 
with four follicles. Each follicle is separated by the deep in folding of the inner 
coat and bears numerous tracheoles. The vasa deferentia originates from deep 
folds on the ventral side of the testis. Each seminal vesicle is oval in shape and 
opens into the ejaculatory duct. The common ejaculatory duct recourse at the 
terminal end to from a chitinous bulbous ejaculatorius. It is different from the 
primitive forms where each follicle is digitate and is enclosed in a separate 
scrotum (Imms, 1964). Tracheoles are, however, reported absent in Leucinodes 
orbonalis (Srivastava, 1960) and Utetheisa pulchella (Mathur, 1966). 
Demokidoff (1902) also regarded that there are no tracheoles in the follicular 
epithelium but Ruckes (1919) observed them in a number of lepidopterous 
insect. The epithelial cells are secretory in nature (Eltringham, 1925; Omura, 
1938 and Callahan & Cascio, 1963). The lumen of the gland is filled with 
secretion which helps in the formation of spermatophore (Khalifa, 1950). Hewer 
(1934) reported the ductus receptacle as a spiral duct in Ephestia. Norris (1933 
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& 1934) and Raichoudhury (1936) discussed the occurrence of a brush border 
in the bursa deferentia. Musgrave (1937) studied the receptaculum seminalis 
and associated structures and suggested that the accessory glands in the male 
secrete materials for the nourishment of the sperm. 
Ahi (1988a) observed the histopathologlcal changes brought about by 
sub-lethal dose of aldrin injected into the gonads of adult Poekilocerus pictus. In 
males, the germ cells and differentiating germ cells showed pycnosis. In female, 
vitellogenesis was arrested in most of the oocytes. Abnormal fragmentation of 
oocytes was evident and follicular epithelial cells showed degeneration. Thus 
chlorinated hydrocarbon, aldrin, appeared to make tissue hyperactive and 
probably there was a stress causing cellular deformation. 
Jain and Bhide (1990 & 1991) observed that adult female cockroaches 
when treated with sub-lethal concentrations of BHC & DDT arrested ovulation 
and vitellogenesis with severe histopathologlcal changes. The treated adults 
exhibited prolonged duration of mating and nymphs failed to emerge from 
ootheca. It was further reported that when adult male and female of Poecilocerus 
pictus were injected with sub-lethal concentrations of BHC into haemolymph, 
severely damaged fat bodies and adversely affected gonads with marked 
histopathological changes were observed. 
Paul et al. (1991) reported that larvae of Diacrisia obliqua when topically 
treated with endosulfan and quinalphos at both lethal and sub-lethal doses 
resulted in severe abnormalities in the testicular structures. Reduction of testis 
size, complete inhibition of spermatogenesis, relative decrease in the number of 
testicular cysts and presence of deformed spermatogonial, spermatocytic and 
spermatid cysts were recorded after lethal treatment. Sub-lethal dose also 
induced more or less similar effects at histological levels but to a lesser extent 
than in the lethal doses. Further, malformed and reduced size of sperm-bundles 
was observed in the testes of imagines from pupae resulting out of larvae 
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receiving sub-lethal dose of insecticides. Ahi (1988b) recorded the 
histopathological changes of HCH on the testes of P. pictus. Bhuya and Dash 
(1976) also report the effect of systemic insecticide dimethion on cyst formation 
and size reduction to a lesser extent with inhibition of nucleus. Thus, insecticides 
exert both nuclieotoxic and cytotoxic effects on spermatocytic chromosomes as 
suggested by Davis (1968). Sub-lethal treatment of insecticides accounts for the 
reproductive incapability besides adverse physiological activities of D. obliqua. 
Loosening of the germ cells, pycnosis of the spermatogonia, spermatocytes, 
hypertrophied spermatids hypertrophied and dissociated spermatozoa, formation 
of 'brown coloured body' between the testes is comparable with the effect of 
apholate on the reproductive organs of locusta as reported by Vishwanath et al. 
(1978). 
Gangrade and Pant (1970) studied the freshly emerged males and 
females of Cadre cautella (Walker) which were separately administered 2.0, 3.0 
and 5.0% apholate in 10% sucrose solution for 48, 96 and 144 hours. Ovarian 
development was inhibited at 48 hours in all concentrations of apholate and was 
more severe in some flies at 144 hours. Testes were however; not affected 
either in their form or spermatogenesis at 48 or 96 hours though at 144 hours 
spermatogonia! cells appeared reduced in numbers. The sections of ovaries of 
treated females showed that the fully developed chorionated eggs remained 
unaffected, while the undifferentiated anterior region of the ovarioles was 
severely affected so much so that oocytes and nurse cells failed to become 
distinct. While nurse cells and oocytes were clearly separated in the middle 
region of the ovarioles, the effect of apholate was indicated by clumping of the 
chromatin material in the nurse cells and the nuclei of the oocytes. 
Inhibition of ovarian growth was noted in the vinegar fly (Goldsmith & 
Frank, 1952) and in the housefly, Musca domestica with mitotic and tumor 
inhibiting substances (Mitlin et a/., 1957 and Mitlin & Baroody, 1958). Alkylating 
agents sike tepa, metapa, and apholate were found to retard ovarian growth in 
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M. domestica (Morgan and LaBreeque, 1962 & 1964), in the screw-worm fly, 
Cochliomyia hominivorax (Chamberlain, 1962 and Crystal & LaChance, 1963), in 
D. me/anogaster (Cantwell & Henneberry, 1963), and in the boll worm, Heliothis 
zea and the tobacco bud-worm, H. virescens (Sotto & Graves, 1967). These 
studies have apparently failed to examine the histological basis of the retarded 
development except perhaps those of Cantwell and Henneberry (1963) and 
Morgan and LaBreeque (1962 & 1964) who attributed the decreased ovarian 
size to clumping of chromatin in nurse cells. Ral (1964) presented evidence of 
degeneration of follicular epithelium and of indistinction between nurse cells and 
oocytes in the mosquito Aedes aegypti. 
In male reproductive organs, Smittle et al. (1966) and Hedin et al. (1967) 
observed clumping of chromatin in the germarium of tepa - injected German 
Cockroach, Blattella germanica and boll weevils, Anthonomus grandis 
respectively. Henneberry & Kishaba (1966) observed no effect of tepa, metepa 
and apholate on the testes and sperm packets of cabbage looper, Trichaplusia 
ni. LaChance & Riemann (1964) presumed that in the screwworm fly, the 
chromatin material is affected soon after application of tretamine in oocytes. A 
complete breakdown of follicles of the ovarioles of Cadra conformed to the 
effects of apholate in A. aegypti (Rai, 1964) and D. melanogaster (Cantwell & 
Henneberry, 1963). 
Venugopalan and Nair (1995) studied the testes of fifth and sixth instar 
larvae of S. mauritia which were implanted into female larvae of the same age 
group. Testes were reclaimed in day 1 pupa and the effects on testicular 
development and spermatogenesis were studied. Reclaimed testes showed an 
increase in volume eupyrene and apyrene spermatogenesis. However, the 
number of different types of spermatocyts was considerably less when compared 
to testes kept as control. Regulatory factors involved in lepidopteran 
spermatogenesis is promoted by two blood borne factors: eupyrene 
spermatogenesis inducing macromolecular factor (Kiss & Williams, 1976) and 
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apyrene spermatogenesis inducing factor (Jans ef a/., 1984). In many insect 
species the role of ecdysteroids in promoting spermatogenesis has been well 
documented in vivo (Takeuchi, 1969 and Dumser & Davey, 1975) and in vitro 
(Schmidt & Williams, 1953; Kambysellis & Williams, 1972 and Fukushima & 
Yagi, 1975). 
Ramanathan ef a/. (1997) reported the biological activity of the leaf 
extract of Pongamia glabra on male accessory reproductive gland (MARG) of 
Periplaneta americana. The LD-50 value was 0.05 ml of 5% concentration of leaf 
extract of P. glabra for adult male P. americana. The insects were injected with 
0.05 ml of 5% concentration of leaf extract whereas the control insects were 
Injected with same quantity of distilled water. In the leaf extract treated insects, 
the mushroom shaped gland showed disintegration of the epithelial layer and the 
lumen consist of transparent secretary substances with many vacuoles and highly 
apycnotic nucleus. The lumen had fewer amounts of secretory substances. 
Rao ef a/. (1993) studied the effect of neem {A. mdica) on S. litura, which 
reveals that Hexane and Methanol extracts of neem seed kernel proved to be 
larval repellents and ovipositlon deterrents. A single dose of azadirachtin (1 ng/g 
body weight) on sixth instars larvae affected food consumption and utilization, 
midgut enzymes, haemolymph constituents, secretions of the median 
neurosecretory cells of the brain, corpora allata size, and ecdysteroid litters (Toja 
etal., 1985). It reduced nucleic acid and protein concentrations of larval fat body, 
reduced pupal weight and disrupted ovarian development. Histological studies on 
ovary development revealed that azadirachtin drastically affected the follicular 
epithelium, greater vacuolization and sparse yolk granules in the ooplasm of 
treated insects (Gupta, 1988). Histological disturbances in developing ovary of 
Epilachna varivestis was reported by Schuiz (1981) and Schluter (1984) and on 
maturation of oocytes of lepidopteran by Englemann (1971). 
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TOXICOLOGY 
Ayyanagar and Rao (1989) worked with the methanol and hexane 
extracts of neem seed kernel, which were tested for their repellent and 
ovipositional deterrent protein against the larvae and adults, respectively, of 
Spodoptera litura. Methanol extract was superior to hexane extract as it elicited 
greater repellency to different larval stages. Both methanol and hexane extracts 
also exhibited ovipositional deterrency, the former being more deterrent at a 
lower concentration. 
Subramanyam and Rao (1986) observed the effect of azadirachtin (2 iig/g 
body weight) on the fresh weight of body and ovary, haemolymph proteins, 
amino acids and activity of the median neurosecretory cells of the desert locust, 
S. gregaria upto 12 days after treatment. Though there was a marginal increase 
in body weight, ovarian development was completely inhibited. Haemolymph 
protein decreased both quantitatively and qualitatively. It delayed the synthesis 
and release of neurosecretion from the A-type median neurosecretory cells of 
brain thereby affecting the ovarian development. Agrotis ipsilon larval feeding 
was determined by changes in the nutrient content in the carbohydrate digestive 
enzymes in the haemolymph at a concentration of 5% (Bell et al., 1990; Shapiro 
et al., 1994). Whereas feeding of larvae from on petroleum extracts from Ammi 
majus and Apium gravealens and Melia azadarach and Vinca rosea resulted in 
considerable reduction in the total nutrient content and biochemical changes as 
demonstrated by Qadri and Narsaiah (1978). 
Lim and Lee (1982) found out that diflubenzuron retarded the ovarian 
development Oxya japanica causing an increase in the percentage of terminal 
oocyte resorption. The fecundity of the female and egg hatchability were 
significantly reduced, in addition to treated female showing characteristic 
tendency for the hind legs to break off the body. Ingestion of the compound 
decreased the life span of the adult female. Nath et al. (1997) reported that 
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feeding of mulberry leaves treated with lethal and sub-lethal doses of 
fenitrothion and ethion by the silkworm larvae resulted in reduced growth. Single 
cocoon weight, single shell weight, silk index and filament length in comparison 
to control. The reduction was more during lethal intoxication. Ethion seemed to 
be more effective than fenitrothion. Satyanarayana and Sukumar (1991) 
investigated embryonic effect of radiolabelled diflubenzuron which was maximum 
in the 2"** batch of eggs, while the subsequent batches of eggs exhibited a 
steady decline and found penfluron 1.5 times more potent than diflubenzuron 
against D. cingulatus. 
Agrawal (1991 & 1993) observed insecticidal and antifeedant activity of 
four plant extracts namely thionemone {Azadirachta indica A. Juss seed extract), 
heartwood extract {A. indica), Sweietenia macrophylla seed and Calophyllum sp. 
seed. Application at three different concentrations on 3"^  and 5"" instar of D. 
koenegii and found that all the treatments were significantly superior to control. 
The oral feeding treatments were found to be insignificant in respect to the 
nymphal mortality as some of the extracts showed antifeedant property. Agarwal 
also reported that three different concentrations of these extracts were very 
effective as ovicidal against early stages of the eggs. 
Thomas and Hiradhar (1993a, 1993b & 1994) evaluated the influence of 
ethanolic extract of neem seed kernel and neem leaf {A. indica) on the 
reproductive potential of D. cingulatus and reported them as oviposition 
suppressors. They also made an attempt to evaluate the impact of Annona 
reticulata (seeds) and Ipomoea flstulosa (leaves) on the reproductive potential of 
D. cingulatus and observed that Annona seeds extract interfered with the 
reproductive performance as it is reported to have growth regulatory properties 
in insects. The adults treated with Annona seeds exhibited greater fecundity 
reduction and sterilization but Ipomoea leaf extract did not exhibit similar degree 
of effects. They also studied the morphogenetic effects at the nymphal (5"" 
instar)-aduit transformation by tropical application in D. cingulatus and recorded 
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varying degree of morphological observations mediated by these extracts in 
terms of insectostatic activity, moulting defects and viability. 
Topical application of different plant extracts on ovicidal activity of S. litura 
and D. koenegii was studied by Suryakala & Rao (1995) which resulted in 
complete inhibition of hatching of eggs thus acting as good ovicides. Wilps et al. 
(1993) reported the effects of various neem products on nymphs of Schistocerca 
gregaria tested in the field trials in the Southern and Western Sahara desert. 
The neem product application differed with regard to both formulation and 
concentration of ingredients. All products were tested either on locusts that 
hatched from eggs of laboratory cultures or nymphs caught in the field. The 
products supplied by Trifelia caused 100 percent mortality in both test 
populations at the rate of 1 Lit./hac. compared with mortality rates of 60-70 
percent for the products from Giessen @ 10 Lit./hac. This difference could be 
due to varying contents of active constituents in the neem seeds. The laboratory 
reared nymphs, proved to be more sensitive and exhibited higher rates of 
morphogenetic defects after application of sub-lethal dosages which differ with 
hypothesis given by Nicol and Schmutterer (1991) regarding abiotic conditions. 
The duration of nymphal stage and phase shifts are greatly influenced with the 
relation between the concentrations of ecdysteriods and juvenile hormones 
being directly or indirectly affected by azadirachtin and its analogous as 
postulated in good agreement with Mordue et al. (1986) and Rembold et al. 
(1987). 
Bhathal and Singh (1993) reported that the commercial products and 
neem oil proved highly toxic to third and fourth instar (presumptive alate) 
nymphs. On the other hand AZT-VR-K was more toxic to fourth-instar nymph 
while in third instar treated nymphs considerably delayed mortality and 
abnormality in adult's form were observed. The extent of adultoid formation was 
26.7 to 50 percent when treated with doses of 0.5 to 5 pg / nymph. The 
reproductive period, fecundity and longevity of adultoids were also greatly 
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reduced as compared to control. Likewise rapturous adult treated with AZT-VR-K 
exhibited reduced rate of reproduction and longevity (Chiu & Zeng, 1986). 
Schauer (1984) reported the toxic effects of neem seed extracts against 
Acyrthosiphon pisium and Aphis fabae. The crude extract (1.5%) of neem 
provided 86.7% control of L. erysimi after 72 hours of treatment (Pandey et al., 
1987). 
Subramanyam and Rao (1993) investigated the aromatic oils and terpene 
fractions of plant origin and evaluated against growth regulatory activity of desert 
locust [Schistocerca gregaria), castor semilooper, {Achacea Janata) and Bihar 
hairy caterpillar, Spilosoma obliqua. Terpene fraction of the mint oil {Menta 
arvensis) has the highest biological activity causing deformation at the nymphal-
adult moult. The result was similar to Artemesia oil and Himalayan cedar wood 
oil, though to a lesser extent. Terpene fraction of mint oil is active on A. Janata 
causing deformities at larval-pupal moult (Saxena and Srivastava, 1972; 
Banerjee et al., 1971). The plants yielded insect morphogenetic hormones viz., 
juvenoids and ecdysone disrupt growth by antagonizing juvenile hormone action 
(Slama & Williams, 1966). 
Dorn et al. (1986) recorded the effect of azadirachtin, injected into newly 
moulted last instar larvae of Oncopeltus faciatus, inducing a variety of effects, 
which are also dose-dependent. Low dose of azadirachtin prolongs the inter-
moult stage, apparently due to a delayed ecdysteroid peak. Medium doses 
however prevent ecdysis, apolysis and secretion of adult cuticle. The ecdysteroid 
peak is further delayed in the larvae and is somewhat lower than in control. 
Sieber and Rambold, (1983); Shalam and Pener, (1984) reported the reduction in 
ecdysteroid peak or interference with releases of eclosion hormone as in Locusta 
migratoria. Permanent larvae induced by high azadirachtin doses show maturing 
cycle in which hormone can be extracted (Kelly and Hunt, 1982). The last larval 
ecdysteroid peak sets a clock for activation of the corpora allata i.e. its 
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gonadotropic function regardless of whether the adult moult takes place or not 
(Sharmaefa/., 1980). 
Ali-Niazee et al. (1997) observed that neem insecticide Margosa-o, 
caused 100 percent mortality of first instar larvae of Archips rosanus at 1% and 
higher concentrations within 48 hours after feeding on treated diet. At higher 
concentration it caused 100% mortality of larvae by 0.001% diet within 24 hours 
(Zehnder and Warthen, 1988). Larew (1988) and Blommers (1994) observed 
larvae exposed to higher concentration of micro-deterrence activity with 
regulatory effects. In addition to azadirachtin, other related compounds in the 
seeds may be insecticidal or deterrent to insect feeding (Schmutterer, 1990). 
Neem seed extract have been tested against a number of insect (Ladd et al., 
1978; Larew et al., 1985; Saxena & Khan, 1985; Prabhaker et al., 1986; Jilani et 
al., 1988; Larew, 1988; Zehnder & Warthen, 1988; Stark et al., 1990 and 
Naumannefa/., 1994). 
The insecticidal control of diamond black moth has become difficult due to 
development of resistance against most categories of insecticide (Cheng, 1981; 
Hama, 1987; Doichuanngam and Thornhlll, 1989; Motoyama etal., 1992) and to 
microbial insecticides based on Bacillus thuhngiensis (Tabashnik et al., 1992). 
McMillian et al. (1969) reported that the leaf extract affects feeding behaviour, 
developmental rates and causes mortality in the larval stages of Heliothis zea 
and Spodoptera frugiperda. Oroumechi and Lorra (1993) found that an aqueous 
leaf extract applied to alfalfa leaves in the laboratory caused high mortality and 
exhibited strong growth-disturbing effects on larval stages of Hypera posltica. 
The antifeedant activity has also been demonstrated in insects resulting from 
neem extracts (Isman et al., 1990). Azadirachtin applying to sand or soil may 
also reduce adult emergence and longevity in three tephritid fruit flies, C. 
capitate, Dacus dorsalis and D. cucurbitae, and the leaf minor, Liriomyza trifolii 
(Parkman and Pienkowski, 1990; Stark et al., 1990). Tanzubil and McCaffery 
(1990) found reduced fecundity when the larvae of Spodoptera exempta were 
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topically treated with 0.01 and 0.1 jig azadirachtin. Chen ef a/. (1996) studied 
the effects of Chinaberry extracts on larval mortality, feeding inhibition, and 
reproduction of the Plutella xylostella, storage condition is however entirely non-
toxic (Oelrichs etal., 1983). Dorn (1986) recorded similar effect of neem on DBH 
control in Chinaberry extract. 
The physico-chemical characteristics, shelf life and relative efficiency of 3 
neem formulations were compared (Parmar et al., 1986). A water-dispersible 
powder (25% w/w) and a dust preparation (10% w/w) both based on crushed 
neem seed kernels and an emulsifier concentration (25% w/w) based on neem 
seed oil, were evaluated in laboratory bioassays at 28° C and 75% RH with 2"'^  to 
5'^  instar larvae of the arctiid, S. obliqua. It was concluded that neem formulations 
gave a level of control which was comparable to that of cypermethrin (0.0075%), 
flucythrinate (0.0075%), fenvalerate (0.01%), guinalphos (0.05%), malathion 
(0.05% ), neem oil-syenrgized malathion (oil 1%, malathion 0.05%) and 
endosulfan (0.07%). Agarwal and Mall (1988) reported insecticidal activity of 
extract of Calophyllum inophyllum seeds, fraction C and thionemone of neem {A. 
indica) seeds under laboratory conditions on 3'" instar larvae of D. obliqua at 
concentration levels of 1, 2.5 and 5% by contact and oral feeding methods. There 
was a positive correlation between applied concentration and mortality. Contact 
methods gave more promising results (mortality rate was from 33.33% to 100%) 
in comparison to oral feeding (mortality rate 2.66 to 80%). Certain plants have 
been reported to possess insecticidal properties (Morallo-Rezesus and Eroles, 
1978; Deb-Kirtanya et al., 1980a, b. Mohamed and Fred 1984; Arnason et al., 
1985; Das, 1986). Antifeedant property of different plants have been reported 
(Butterworth and Morgan, 1968, 1971; Meisner ef al., 1981; Abivardi and Benz, 
1984; Tripathi and Rizvi, 1985). Neem seed kernel extracts act as an antifeedant 
for many insect species (Ladd etal., 1978). 
Sharma et al. (1980) reported that NN 18-701 C fraction of neem seed is 
without antifeedant activity but another fraction NN 18-704 was slightly 
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antifeedant against three insect {Epilachna varivestis; Ephestia kuebniella and 
Apis mellifera. Azadirachtin, a neem seed extract in pure form showed no feeding 
inhibition on the above mentioned 3 insect species (Rembold etal., 1982). 
Tanzubil and McCaffery (1990) have reported that the treatment of larvae 
of the Spodoptera exempta with azadirachtin and aqueous neem seed extracts 
produced a range of adverse effects that were dose dependent. High dose of 
upto 10 iig per larva of azadirachtin resulted in 100% larval mortality, but this 
effect was delayed and prolonged. At lower doses of azadirachtin, however, 
inhibition and disruption of moulting was observed and larval-pupal intermediates 
or abnormal pupae were commonly found. Similar, results were obtained with the 
aqueous extracts of neem seeds. The few pupae obtained from larvae treated 
with lower doses of the extract (0.01 and 0.1 |j,g/larva) either failed to develop 
further or developed into adults that died during eclosion, or had frizzled and 
curled wings. Seeds and leave of the neem tree are known to contain many 
compounds that possess biological activity against insects (Butterworth & 
Morgan, 1968; Zanno et al., 1975 and Kraus et al., 1981). The antifeedant 
properties of azadirachtin and other neem derivatives have been extensively 
studied in many insects (Butterworth and Morgan, 1968; Haskell & Mordueluntz, 
1969 and Schmutterer & Ascher, 1984). Neem treatments decreased the 
efficiency with which larvae converted ingested and digested food into body 
matter (Tanzubil, 1989), possibly because of a diversion of energy by such larvae 
from production of biomass. Similar, causes of a reduction in growth without 
feeding inhibition have been reported by other workers (Sieber & Rembold, 1983; 
Gaaboub & Hayes, 1984). 
HISTOCHEMISTRY 
Aggarwal (1962) studied the polytrophic ovary of the silkworm Bombyx 
mori and found three types of lipid bodies namely Li, L2 & L3 pre sent in which Li 
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bodies were in the form of granules consisting of pure phospholipids, L2 bodies 
in the form of vesicles and crescents of phospholipid sheath and triglyceride 
core. The L3 bodies in the form of spheres made of triglycerides. The lipids in the 
oocytes are contributed by the trophocytes and follicular epithelium contributes 
the lipids in the oocytes. The lipids in the trophocytes are present as Li and L2 
bodies mainly in three concentrations at the periphery. The L3 bodies are central 
in distribution, while Li and L2 are cortical. The mitochondria in the form of 
granules are filaments having lipoproteins and RNA. King (1960) has also 
described 'streams' of mitochondria passing from the trophocytes into the 
ooplasm. In Drosophila, Hsu (1952) describes a similar contribution of 
trophocytes towards the lipid production in ooplasm. 
Beament (1946) and Das-Gupta & Ray (1955) also studied the chorion 
and complex series of protelnaceous layers and lipoproteins in Rhodnius 
prolixus and Cimex. Ascorbic acid granules are also associated with vitamin in 
Golgi apparatus, which is important for vltellogenesis, oocyte formation and 
further, it prevents oxidation of dictyosomes as reported by Moussa & Banhawy 
(1960). 
The silk gland enzymes could possibly involve to life span the finished 
protein (Bradfield, 1951) in which the glycogen is distributed throughout the fully 
mature oocyte contributed by trophocyte (Kugler, 1956). In the simple polytrophic 
ovary of Anisolabis and Labidura (Bonhag, 1956; Nath et ai, 1959), the lipid and 
protein yolk along with the nucleoproteins are directly contributed by trophocyte 
to the oocyte through the pores in the intra-folllcular septum. The distribution of 
DNA and RNA in the silkwcm ovary is similar to that described by Colombo 
(1956). As pointed out by Nath et al. (1959) there is sufficient proof of the RNA 
being contributed by the trophocytes to the oocytes in polytrophic ovaries. 
Morgenthaler (1952), Bier (1954) and Colombo (1956) have also advocated this 
but the exact form, in which it may be contributed, varies. 
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King (1960) who worked on Drosophila is of the opinion that the RNA 
which initially accumulates in the ooplasm arises from the trophocyte nuclei, and 
according to him the subsequent build-up of the ooplasmic RNA is independent 
of the DNA of the trophocytes and the oocyte. The formation of spermatophore is 
well known amongst certain groups of insects (Davey, 1959 and Cantacuzene, 
1967). Cantacuzene (1967) opined that secretion of these glands is a mixture of 
protein and mucopolysaccharide. Davey (1959) reported absence of lipid in both 
the glands and spermatophore, but demonstrated polysaccharide in both. 
Anderson (1950) showed in the Japanese beetle, that the accessory glands 
secrete a mucous like substance which is a protein-polysaccharide compound 
containing droplets of lipoidal substances. The cytochemical analysis of seminal 
vesicle is reactive to protein and nucleic acid in proportion to DNA synthesis as 
opined by Chefurka (1965). Banerjee and Raychaudhuri (1972) have studied the 
cytochemistry of gland and demonstrated the DNA and RNA structure of hyaline 
gland. Thus, the hyaline glands are perhaps most actively concerned with 
spermatophore production. Seminal fluid is also rich in carbohydrate, protein and 
lipid. 
Subramaniam et al. (1990) have studied the testes of Grylloides sigillatus 
and reported that it contains spheroidal translucent basophilic secretary 
granules, ranging in size from 3 to 15 pm in diameter. Histochemical 
characterizations of these granules reveal that they contain proteins, acid 
mucopolysaccharides and glycogen. The secretory granules in the testes of G. 
sigillatus fixed in Carney's fluid and 10% neutral buffered formalin appear 
distinct, although Lusis et al. (1970) reported that the secretary granules have 
not been observed in Carnoy fixed tissues. These secretory materials contain 
spermatids and spermatozoa in a role of sperm maturation and maintenance 
(Gillott, 1988). 
Tiwari (1989) observed the effect of diflubenzuron on the 5'*" instar larvae 
of D. obliqua. The topical application of diflubenzuron gave LD-50 value 0.0307 
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|j,g e.i. per larva and also produced larval-pupal intermediates. There was 
reduction in the total haemolymph protein and a few new proteins were produced 
due to diflubenzuron intoxication (Wyatt eta\., 1956; Chen & Levenbook, 1966). 
Kulkarni & Mehrotra (1973) observed an initial decrease and late stage increase 
in HP level in Schistocerca gregaria due to sumithion and dieldrin treatment. 
Mall and Pal (1980) reported twenty free amino acids in the haemolymph 
of fully-grown fifth instar, normal fed larvae of insect. Aspartic acid, glutamic 
acid, histidine and ornithine were predominant. All amino acids except aspargine 
were also present in the haemolymph of starved larvae but with reduced 
concentration. Sixteen amino acids have been identified as the principal and 
almost permanent constituents of the amino acid pool of the insect haemolymph 
(Florkin & Jeuniaux, 1974). Histidine, lysine, glutamine and serine were the 
predominant amino acid in the haemolymph of Bombyx mori Linn (Wyatt et al., 
1956), in most of the lepidopteran larvae as reported by Duchateau & Florkin 
(1958) and in the haemolymph of Calpodes ethlin larvae (Barett & Lai-Fook, 
1976). Almost all insects have high concentration of glutamine and protein and 
of one or more of basic amino acids, arginine, lysine and histidine (Wyatt, 1961). 
Pratt (1950) identified 21 free amino acid in the haemolymph of larvae of 
Prodenia eridania and Galleria mellonella. Nineteen amino acids have been 
recorded in larval haemolymph of Attacus ricini (Pant & Agarwal, 1963). Bactor & 
Salem (1973) detected 19 free amino acids in the haemolymph of larvae of 
Spodoptera littoralis Boisd. They also recorded that only three amino acids 
occurred in higher concentration in all instars of S. littoralis. 
Gupta et al. (1960a) studied the spermatogenesis of Chrotonus and 
revealed some interesting morphological characteristics of the mitochondria in 
the spermatocytes which do not seem to have been recorded earlier. The results 
of the various histochemical tests, revealed that in the spermatogonia and the 
earliest spermatocytes the mitochondria are present in the form of a juxta-
nuclear mass of ill defined granules and filaments. During the leptotene and 
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zygotene stage the mitochondrial filaments get shortened and thickened, thus 
appearing as rods. However, in the late diplotene and early diakinesis stages a 
number of these laminated mitochondha always appear closely applied to the 
nuclear membrane as nucleo-mitochondrial interactions (Barer & Jaseph, 1957). 
Such laminated mitochondria have also been observed in red cotton bug, 
Dysdercus cingulatus (Gupta et al., 1960b). The dictyosomes and the acroblast 
possess a typical duplex nature having a phospholipid-protein sheath enclosing 
a lipoprotein medulla. This is in conformity with the observation of Clayton et al. 
(1958) on Acheta domesticus. The minute acrosome reacts histochemically like 
a neutral polysaccharide protein complex as usual (Schrader & Leuchtenberger, 
1951; Moriber, 1956; Clayton etal., 1958). 
Mitlin & Cohen (1961) studied the composition of ribonucleic acid in the 
developing housefly ovary and showed two-and-a-half fold increase from 
eclosion to 96 hours after emergence. Berry etal. (1967) reported that regulation 
of nuclic acid metabolism might depend more on the position of the oocyte and 
associated cells than on the hormonal control. Burr and Hunter (1969) in 
Drosophila me/anofiiasfer found that difference in the RNA content between male 
and female insects are related to egg production. In saturniid moths, the rate of 
RNA synthesis differed not only between tissues of one developmental stage, 
but also within a given tissue at different developmental stages (Berry et al., 
1967). Pemrick and Butz (1970) stated that the pattern of fat body RNA 
synthesis for unmated and mated females of Tenebrio mo//tor followed the cyclic 
pattern of protein synthesis and ovarian development (Mordue, 1965). Chinzei 
and Toja (1972) determined the levels of nucleic acids in the whole body and 
several organs of silkworm, B. mori and found that during the phorate adult 
development the ovary gained DNA and RNA. This is interpreted as reflecting 
active synthesis of protein. The RNA / DNA ratio has extremely high values in 
the eggs, indicating the greater of synthetic activity that takes place during 
embryogenesis (Ring, 1973). Davenport (1975) assumed that there is no 
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transport of newly synthesized RNA out of the follicle cells into the oocytes. The 
synthesis of ribonucleic acid is one of the prominent features of the nurse cells 
in polytrophic, meroistic ovarioles (Bier, 1970 and Telfer, 1975). Much of the 
product is destined for storage in the developing oocyte and support of synthetic 
processes in the embryo (Muhach & Schwalm, 1977). Bownes & Blair (1986) 
stated that the nutritional state of the females clearly affects the amount of yolk 
protein RNA present in fat bodies as well as ovaries. 
Nettles & Betz (1965) observed the glycogen content of the boll weevil 
with respect to age and diet and showed that the glycogen concentration was 
highest in the eggs and also in the boll fed than in square fed weevils. The 
changes in the glycogen level are related to several physiological events in 
reproductive cycle (Wiense and Gilbert, 1967). Norden and Paterson (1969) 
estimated the glycogen content of blowflies and tsetse flies and showed 
considerable amounts of glycogen in the former. D'costa and Rice (1973) and 
D'costa ef a/. (1973) observed approximately 16-20% glycogen in the tsetse fly 
and blow-flies are known to rely mainly on carbohydrates as a metabolic fuel 
(Sacktor, 1965). Blood trehalose and glycogen reserves have been shown to be 
present in the blowfly (Clegg and Evans, 1961 and Chidress et a/., 1970). 
Hoglund (1976) reported that the glycogen is the sole neutral polysaccharide. In 
Calliphora its principal use is for the formation of chitin, only minor amounts being 
used as an energy source (Crompton and Birt, 1967 and Stafford, 1973). 
Nagabhushanam et al. (1983) have reported the changes in lipids, 
glycogen and proteins in Hyalomma anatolicum anatolicum during the 
reproductive cycle. These workers found a definite correlation between these 
chemical constituents and various reproductive stages of the animal. 
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I. MATERIALS AND METHODS 
1. Breeding Techniques and maintenance of stock culture 
The adult moths of Spilosoma obliqua Walker (Lepidoptera : Arctiidae) 
were collected during July-August at night time from agricultural fields close to 
the campus of Aligarh Muslim University, Aligarh. Several pairs of adult moths of 
S. obliqua were released in the circular rearing glass jars measuring 6" x 8" and 
4" X 6". The bottom of each jar was filled with moist sand to a depth of one and a 
half-inch. The top of the circular jar was covered tightly with muslin cloth using a 
rubber band. The adults were fed on 5% Glucose/Honey solution soaked in 
sterilized cotton wool kept on a slide. The soaked cotton was replaced daily. For 
the collection of eggs a strip of unglazed paper was hanged inside the rearing 
jar. Some times a small toning of castor was also provided for egg laying. After 
egg laying the paper strip with eggs was kept in small jar (4" x 6") covered with 
muslin cloth. Old paper strips and excreta were removed and fresh paper strips 
were introduced for egg laying. The dead moths were also removed. The 
hatched larvae were fed on tender leaves of castor {Ricinus communis) 
previously washed with tap water. The food was supplied twice a day and the 
hygienic conditions were maintained by cleaning the jar daily. To avoid over 
crowding, the number of larvae per jar (6" x 8") was restricted to 100-150 in 1 '^ 
instar, 50-100 in 2"" instar, 50-75 in 3'*^  instar, 20-30 in 4"' instar and 10-20 
larvae in 5*" & 6**^  instar. After undergoing a series of moulting the larvae pupated 
and moth emerged which were transferred to other jars and kept under 
controlled conditions. The experiment was carried out in BOD at temperatures of 
27.00 + 1.00°C and 70.00 + 5.00 percent relative humidity (RH) with 
photoperiodicity maintained at 14:10 (L:D). 
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2. Experimental procedure 
2.1. Preparation of solutions 
In order to reduce solution from a higher to lower concentrations the 
following formula proved helpful. 
X = A X B/C 
Where, 
X = Volume of solution in hand to be diluted to the desired volume 
A = Concentration of solution desired 
B = Volume of solution desired 
C = Concentration of solution in hand 
2.2. Preparation of concentrations 
Two different neem extracts (Multineem 8 EC and Achook 0.15 EC) 
having insecticidal property were selected for ascertaining their effect on 
mortality, longevity and reproductive organs of S. obliqua. 
Four different doses viz., 0.01%, 0.025%, 0.05% and 0.08% were 
prepared from 'Multineem' containing 8 EC neem seed extract (Multiplex 
Fertilizers Pvt. Ltd.). Similarly, four different doses viz., 0.001%, 0.002%, 0.004% 
and 0.006% from 'Achook' having 0.15 EC neem kernel extract (Godrej Agrovet 
Ltd.) were prepared after the method of Krishna and Ranjhan (1980). 
(a) IVIultineem concentration : A stock solution of 1 percent concentration of 
Multineem 8 EC was prepared in distilled water and diluted as required. In a 
preliminary experiment, six different concentrations of 0.005%, 0.01%, 0.025%, 
0.05%, 0.08% & 0.10% were prepared to calculate the LC-50 value. On the 
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basis of LC-50 value, four different concentrations of 0.01%, 0.025%, 0.05% and 
0.08% were selected and prepared for further study. 
(b) Achook concentration : Six different concentrations of achook viz., 
0.0005%, 0.001%, 0.002%, 0.004%, 0.006% and 0.008% were prepared for 
calculating the LC-50 value based on which, four different concentrations of 
Achook 0.15 EC viz., 0.001%, 0.002%, 0.004% & 0.006% were selected for 
further study. 
2.3. Application of insecticides 
Each concentration in three replicates was applied by spraying on the 
castor leaves using 'Pneumatic hand sprayer' and provided to two-day-old 5'^  
instar larvae of S. obliqua. The treated leaves were kept for some time at room 
temperature to dry the insecticides. After drying, the leaves were placed in each 
jar for feeding the larvae. The larvae on treated leaves with different 
concentrations were kept in separate jars, maintained at 27.00 + 1.00°C and 
70.00 + 5.00 percent relative humidity (RH) with 14:10 hours (L:D) 
photoperiodicity in the BOD incubator. The un-consumed treated leaves were 
replaced with fresh treated leaves at regular interval of 24 hours up to the last 
larval stage. Hygienic conditions were provided to the experimental larvae by 
daily cleaning the jars off excreta and dead larvae. An upto-date record was 
maintained regarding mortality and longevity. The dead larvae were later 
subjected to mortality examination. 
2.4. Methods for Observation 
Following the application of each concentration of the insecticides on 5'^  
instar larvae of S. obliqua, observations were made on mortality, longevity, 
fertility and fecundity of adult moths emerged from the treated larvae. The data 
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were compared, analyzed against the control (untreated). The selection of 
concentrations was made after preliminary experiments on the LC-50 value. 
Based on LC-50 value, four different concentrations of multineem viz., 0.01%, 
0.025%, 0.05% & 0.08% were applied on 5^^ instar larvae continuing up to the 
full-grown larvae. For observations on the fecundity and fertility, the females, 
which emerged from the treated 5*" instar larvae of S. obliqua were paired with 
equal number of normal males of corresponding age. Each pair was kept in 
separate rearing jar under controlled conditions as mentioned earlier. The 
number of eggs laid by each female was recorded. The pairs were then 
transferred to fresh rearing jars. Eggs were allowed for hatching and percent 
larval hatching was daily recorded. Similar observations were also made in the 
control consisting of males and females emerged from untreated larvae. 
Observations were also made on the residual effect of these insecticides 
in the Fi generation. From the eggs laid by the affected females, 100 larvae were 
randomly isolated for further observations on the mortality, longevity, fecundity 
and fertility as per methods mentioned earlier. Similar observations were made 
on the larvae emerged from the eggs laid by untreated females which served as 
control. 
2.5. Morphological, Histological & Histopathological Preparations 
Fresh insects were used for the purpose of gross morphological and 
histological observations. The adults of both sexes of S. obliqua were 
anaesthetized with methyl acetate and dissected in the normal saline under 
binocular microscope. Dehydration of reproductive organs was done using 
different grades of alcohol. The reproductive organs were then stained with 
Borax-Carmine, cleared in clove oil and mounted in D.P.X. 
For histological & histopathological studies, the materials were fixed in 
Bouin's fluid (aqueous). The tissue was fixed for 10-15 hours in Bouin's fluid and 
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washed several times in distilled water to remove extra fixative. For dehydration, 
material was passed through usual grades of alcohol (David, 1991). The material 
was cleared in xylene + absolute alcohol and finally in pure xylene. Infiltration 
was done in paraffin wax at 58-60°C. The wax embedded blocks were carefully 
trimmed with a sharp razor blade or scalpel. Sections of 4-6 micron thickness 
were cut by using 'Rocking Rotary Microtome' and fixed on a slide. The slides 
were kept in thermostat at 40.00 + 2.00°C overnight for complete fixing. Slides 
bearing ribbons were passed through two changes of xylene to remove the wax. 
Slides were next transferred to a mixture of equal parts of absolute alcohol and 
xylene and then hydrated by passing through descending grades of alcohol. The 
sections were stained using Heiden Main's Iron haemotoxylin and counter stained 
with Eosin (70% alcoholic). Complete dehydration was ensured before mounting 
the slides in D.P.X. for microscopic examination. 
2.6. Histochemical Preparation 
Insects from the control as well as treated replicates were subjected to 
anesthesia. Anesthetized insects were dissected in the normal saline solution 
under binocular microscope. The tissues were fixed in formalin for 24.00 + 6.00 
hours. The fixed tissue, were transferred to absolute alcohol. Slides were 
prepared as per histological technique except that the sections used were of 
8-1 Op. 
2.6.1. Nucleic Acid 
Methyl Green-Pyromin Y method as given by Kurnick (1955) was followed 
to stain chromatin (DNA) which showed clear green, and nuclei as red. Dewaxed 
sections were hydrated and stained in prepared solution (12.5 ml Pyromin Y 2% 
aqueous, 7.5 ml Methyl Green 2% aqueous and 30 ml Distilled Water) for 6 
minutes. The sections were blotted carefully and dehydrated in n-butyl alcohol for 
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two changes of 5 minutes each. Clearing was done in xylene for 5 minutes and 
mounted in D.P.X. 
2.6.2. Protein 
Protein analysis was earned out using Millon Reaction method as given 
by Gomori (1952). The sections were deparaffinized in xylene. The sections were 
then passed through the usual descending grades of alcohol of finally distilled 
water and stained in aqueous solution with following composition for 5-10 
minutes in solution A, followed by incubation for 25 minutes when solution B is 
added to A. Solution A (Dissolve 5 g mercuric acetate and 15 g tricloracetic acid 
in 100 ml distilled water) and B (10 ml sodium niterate 1% aqueous). The stained 
sections were then rinsed in 70% alcohol for 2-3 minutes and dehydrated, and 
cleared in xylene and finally mounted in D.P.X. The proteins containing tyrosine 
was stained pink to brick red. 
2.6.3. Glycogen 
Periodic acid-Schiff method as given by McManus (1946) was employed 
to detect glycogen in the normal formalin fixed tissue. The sections were 
deparaffinized in xylene, hydrated and HgCb removed. The sections were then 
oxidized in 1 percent aqueous periodic acid for 10 minutes, washed for 5 minutes 
in running water and stained with Schiff's reagent for 10 minutes. The stained 
sections were later washed in running water for 5 minutes then counter stained 
with Cerlestin blue, and washed again in running water, dehydrated, cleared in 
xylene and mounted in D.P.X. The glycogen and other periodate reactive 
carbohydrate turned magenta and nuclei blue. 
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3. Biostatistical analysis 
Various formulae used for statistical calculations were as follows 
Mean : 
X = SX/n 
Where, 
X = Mean of the sample taken 
IX = Sum of samples 
n = Total number of samples taken 
Standard Deviation (SD): 
SD = VzD^/n-l 
Where, 
SD = Standard deviation 
D^  = Sum of square of the differences of mean value 
n = Number of observations 
Standard Error (SE): 
SE = SD/Vn 
Where, 
SE = Standard error 
SD = Standard deviation 
n = Number of observations 
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Significant Test (t): 
t = Vmi-m2/SDi/ni+SD2/n2 
Where, 
t = Significant value 
mi = Mean value of first set of observations 
m2 = Mean value of second set of observations 
SDi = Standard deviation of first set of observations 
SD2 = Standard deviation of second set of observations 
ni = Number of observations of first set 
n2 = Number of observations of second set 
The calculated 't' was compared with the tabulated T value (Bailey, 1959) 
at 5 percent level. If the former value was higher than the latter, the data was 
found to be significant. 
4. Test Methods 
Studies on the biology of S. obliqua were carried out under laboratory 
conditions with the rearing of the test insect from freshly laid eggs. Observations 
were made on important aspects including fecundity, incubation periods, larval 
period, pupal period, pupal eclosion, adult emergence, and longevity. 
Morphological, histological, histopathological and histochemical observations of 
male and female reproductive organs of S. obliqua have also been made. The 
experiment was replicated and data subjected to statistical analysis. 
"PRAKTICA SLR Camera" was used for photomicrographs of prepared 
sections of appropriate magnifications on black & white film. Morphological 
drawings were also prepared. 
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IV. OBSERVATION AND RESULTS 
PART - A. REPRODUCTIVE BIOLOGY AND BEHAVIOUR 
1. INTRODUCTION 
The Bihar hairy caterpillar, Diacrisia {Spilosoma) obliqua Walker 
(Lepidoptera : Arctiidae) is a notorious foliage feeder, widely distributed in the 
Oriental region. It is polyphagous in nature and is known to attack a wide variety 
of plant species including agricultural crops, weeds as well as some ornamental 
plants. In India, it is considered to be a serious pest of earheads of ragi 
{Eleusina coracana L.) in Karnataka and maize {Zea mays L) in Bihar, Madhya 
Pradesh, Uttar Pradesh, Punjab and Rajasthan (Atwal and Dhaliwal, 1997). 
Damage of varying magnitude has been reported from crops like, sesame 
{Sesamum indicum L), mash {Phaseolus mungo), mug {Phaseolus aureus), 
linseed {Linum usitalissimum L), mustard {Brassica sp.), some vegetables, fruits, 
castor (R. communis L), fodder crops, cotton {Gossypium sp.), sorghum 
{Sorghum vulgare Pers.), small millets, sugar-cane {Saccharum officinarum), 
paddy {Oryza sativa), wheat {Triticum sp.), jute {Corchorum sp.), sunhemp 
{Crotolaria juncea L), potato {Solarium tuberosum), sweet-potato {Ipomaca 
batatas L), cuccurbitacea, barley {Hordeum vulgari), sugar-beat {Beta vulgaris 
L), cow-pea {Vigna unguiculata Linn.), groundnut {Arachis hypogaea Linn), 
sunflower {Heliathus annuum Linn.), lucerne {Medicago sativa Linn.), lobia 
{Vigna catjung) and bajra {Pennisetum typlioideum) (Mathur, 1962; Pant, 1964; 
Pandey et al., 1968; Prasad & Premchand, 1980). Besides, it also attacks 
numerous species of forest, shrubs and trees including Butea frondosa, Cedrela 
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toona, Colebrookia oppositifolia, Lantana, Moras alba, M. indica, Tectona 
grandis, Vitex negundo (Beeson, 1941), Dalbergia sissoo and Shorea robusta 
(Prasad ef a/., 2000). 
Being an irregular and sporadic in distribution, the pest appears during 
May-June and the maximum infestation occurs during July-August. The insect 
hibernates during December-February and aestivates from May-June. The 
adults emerge with the onset of monsoon. There are 5-7 generations in a year. 
The larvae feed on leaves and floral parts of the host plant. In many cases, the 
whole leaf is eaten away by the caterpillars. The moths are nocturnal in habit 
and get readily attracted to light. They are strong but short distance fliers. The 
female lays eggs on the lower side of leaves. The caterpillars feed gregariously 
during early stages but disperse as they grow and become voracious foliage 
feeder. 
Insect behaviour as a separate sub-discipline is relatively of recent 
emergence and is expanding rapidly. As such it lacks a strong theoretical 
framework and is very unevenly investigated (Mathews and Mathews, 1978). 
The present work was aimed to focus on some of the behavioural aspects 
of the biology of the moth such as eclosion, feeding and oviposition and 
reproductive biology as discrete variables, against the neem products, especially 
Multineem 8 EC and Achook 0.15 EC. 
2. OBSERVATION & RESULTS 
The life cycle is completed in 30-45 days depending upon the 
environmental conditions. 
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2.1. EGG (Plate-I, Fig. 1 & 2) 
Eggs are laid usually at night or early morning, in prominent batches, on 
the under surface of leaves. A single female lays from 687 to 1474 eggs with 
average of 1094 + 83.44 in its life span of two to three days. The eggs look-like 
clusters of poppy seeds conspicuous against the green foliage background on 
the lower side of leaves. Under laboratory conditions the eggs are laid on the 
paper strips provided for this purpose or on the inner wall of the jars or on the 
under surface of leaves when twigs were provided. Eggs are firmly glued to the 
surface of leaves or paper strips with sticky secretions from the accessory 
glands. The newly laid egg has a characteristic shine and is spherical in shape 
measuring 0.76 mm (average) in diameter. Freshly laid eggs are light green in 
colour which undergo gradual change from green to pale, reddish brown and 
finally turning black at the time of eciosion. The outer covering of the egg 
becomes translucent few hours before hatching and the larva inside can easily 
be noticed from the exterior. The incubation period varies from 110.87 + 09.67 to 
131.92 + 12.35 hours with an average of 123.45 + 02.11 hours. Percent eciosion 
and eciosion period of eggs were found to be 91.08 + 01.12 and 29.00 + 01.36 
minutes respectively (Table-1). The larvae hatch out simultaneously or in quick 
succession resulting in aggregation of large number of larvae at one place. 
2.2. LARVA 
The freshly hatched larvae feed on the lower epidermis of leaves and 
soon skeletonize the latter. They remain aggregated for a few days before 
dispersing to other leaves of the plant(s). Feeding activities of larva increase 
with age. It moults five times to attain maturity when it measures 40-48 mm in 
length. Body colour is light orange with terminal ends black. The whole body is 
densely covered with dark hairs. The larval period lasts for 20-25 days 
depending upon the environriiental conditions. 
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2.2.1. First Instar Larvae (Plate-I, Fig. 3) 
A freshly hatched larva is uniformly pale yellow, which gradually turns 
greenish, when feeding commence on the tender leaves. Five pairs of prolegs 
are present from third to sixth abdominal segments and the last segment. Body 
is covered with setae and hairs; pre-spiracular wart of the prothorax with three 
setae, invisible to the naked eyes. 
Full-grown first instar larva measures about 3-4 mm in length and the 
larval duration is 70.32 + 02.59 hours (Table-2). The newly hatched larvae show 
wriggling movement and wander about in search of food. They feed on the 
mesophytic tissues of the leaves, leaving the vascular ones and thus act as 
skeletonizers. During scarcity of food the larvae consume the entire leaf and 
thus become defoliators. When disturbed they hang down with silken thread, 
which also help them in dispersal. The larvae are gregarious in habit. 
2.2.2. Second Instar Larvae (Plate-I, Fig. 4) 
The second instar larva can easily be distinguished with its characteristic 
cylindrical body. The newly moulted ones remain sluggish and are light yellow in 
colour but the active feeding stages are bright yellow with slight orange tinge. 
Location and the number of setae on the prespiracular wart of the prothorax are 
similar to the first instar larvae except the setae are prominent because of 
acquiring black colour. 
The actively feeding second instar larva measures 5-8 mm in length. This 
stage lasts for 82.11 + 02.24 hours (TabIe-2). The feeding pattern is more or 
less similar to the first instar. However, it feeds on the secondary and tertiary 
veins (cortical and vascular tissue) as well. 
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2.2.3. Third Instar Larvae (Plate-ll, Fig. 5) 
The third instar larva is cylindrical, orange coloured with black spots on all 
thoracic and the last two abdominal segments. The number and position of the 
setae on the prespiracular wart is similar to the first and second instar larvae. 
Warts of each segment become prominent, because of thickening of the cuticle 
in that area. The hairs and setae are distinguishable in two types i.e. smooth and 
the spinose. 
The third instar larva measures about 10-15 mm in length with instar 
duration lasting for 111.08 + 04.34 hours (Table-2). These are gregarious and 
voracious feeders, causing serious damage to the crops. They consume entire 
leaf leaving only the midrib. When disturbed they try to drop themselves 
suspended with the silken thread, which soon breaks up because of significant 
increase in their body weight. 
2.2.4. Fourth Instar Larvae (Plate-ll, Fig. 6) 
Body is cylindrical, strong and stout, densely hairy and dark orange with 
very prominent black spots on thoracic and the last two abdominal segments. 
It measures approximately 19-26 mm in length with larval period 121.16 + 
03.30 hours (Table-2). The feeding behaviour is much similar to that of third 
instar. When disturbed they try to escape from the area with their fast crawling 
movements. 
2.2.5. Fifth Instar Larvae (Plate-ll, Fig. 7) 
The fifth instar larva has tough and compact body, thickly pilose as 
compared to the fourth instar. The hairs are very long and tuft like on the warts. 
Single hair measures 6-10 mm in length. Body colour is yellowish orange with 
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similar black spots as in the previous instar except with a prominent black band 
in the inter-segmental area. 
The full-grown, actively feeding fifth instar larva measures about 28-33 
mm in length. This stage lasts for 128.33 + 01.86 hours (Table-2). Feeding 
behaviour and pattern is almost similar to third and fourth instar but the amount 
and rate of food consumption is significantly high. 
2.2.6. Sixth Instar Larvae (Plate-ll, Fig. 8) 
Body is slender, strong and stout, resembling very much with the fifth 
Instar in colour, spots and the position of hairs; the latter being tufted, a clear 
mid-dorsal streak is present which is slightly pale in colour ventrally. 
The sixth instar larva measures 32.12-34.87 mm in length. The larval 
period under controlled conditions varies from 108.25 + 09.24 to 134.30 + 04.13 
hours. Average duration of the sixth instar alone is 122.69 + 02.73 hours (Table-
2). The feeding behaviour is similar to the earlier instar. It mostly feeds during 
night or in dim light, is voracious feeder and capable of devouring every soft part 
of the plant. The larva after attaining maximum size stops feeding and retires to 
pupate at a suitable site. 
2.3. PRE-PUPAL STAGE 
After selecting suitable site the larva becomes confined and the structural 
modifications start appearing. The size of the last larval instar is almost reduced 
to half; the inter-segmental grooves are deepened giving it an annular 
appearance. The hair and streaks almost fade out. The abdominal pro-legs are 
reduced. This stage lasts for 70.55 + 02.90 hours (Table-3). 
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2.4. PUPAL STAGE (Plate-Ill, Fig. 9 & 10) 
The full-grown caterpillar sheds its hairs and pupates inside the soil, 
spinning a rough cocoon mainly composed of silky secretion interwoven with 
shed off hairs of last instar larva. It has also been found on the muslin cover or 
even on the sides of the glass jars in captivity. The pupa is of exarete type and 
about 20-25 mm in length. The newly formed pupa is pale yellow in colour but 
turns to leathery brown within 1-2 hours. 
The mature sixth instar larva often pupates among dry leaves of host 
plant. A thick opaque, shelter-web in two layers transversely crossed at regular 
distances around the edges small oval holes are left along-with an emergence 
hole is provided at one end. Before pupation a thin lining of fine silk is added as 
a third layer inside, thereby increasing thickness and surface tension. The 
finished web measures 15-25 mm and is constructed in 2 to 3 hours. In regions 
with a winter climate, the pre-pupal stage is prolonged during the period of 
hibernation; when the host leaves fall at the end of the growing season, 
hibernating larvae remain hidden in their shelters constructed among the dry 
leaves on the ground. 
There are 4-8 tubercles at the posterior extremity of the pupae in both the 
sexes. The average pupal duration is 255.14 + 15.76 hours (Table-3). The 
abdominal segments start tanning first followed by the thoracic and cephalic 
segments. The female pupa is comparatively more tanned. The full-grown 
female pupa measures 19-20 mm in length the male pupa is comparatively 
smaller and measures 15-16 mm in length. 
2.5. ADULT EMERGENCE 
This is followed by distention of the abdomen that may be attributed to 
engulfing of air by the pupa. This causes rupture of the pupal case along the 
dorsal line of the thorax that provides a passage for adult to emerge out. Adult 
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emergence from pupa average 89.31 + 01.98% (Table-3). The newly emerged 
adult rests for some time and later on ejects few drops of thick, reddish brown 
fluid from anus. The pad-like wings take about one and a half-hours to expand to 
their normal size thereby, enabling the adult to resort to active life. On average 
adult emergence from pupa takes 21.00 + 01.34 minutes (Table-3). 
2.6. ADULT (Plate-Ill, Fig. 11 & 12) 
The adult is a pale buff-cloured moth of medium size with black spots on 
wings. The body is crimson and black-spotted. The eyes and antennae are 
black. Body robust and hairy, head small inconspicuous, proboscis well 
developed and palpi short. Abdomen bright orange, with mid-dorsal and lateral 
rows of black spots from second to sixth abdominal segments, terminal spots 
becoming more prominent. Wings are buff oranges with minute black spots on 
the fore-wing and very prominent spots on the lower margin of the hind wings. 
The moth measures 25-35 mm in length with wing expanse of 40-50 mm. Both 
males and females are almost similar but males are characterized by the 
presence of pectinate antennae. They are comparatively smaller than females 
and measure about 15-18 mm in length with 35-40 mm across wings. The 
females are bigger than males and measure 18-20 mm in length and 45-50 mm 
with wings expanse. The average longevity of adult mated male and female is 
152.56 + 07.50 and 172.71 + 07.77 hours respectively, whereas for unmated 
male and female is 145.03 + 04.64 and 163.56 + 05.88 hours respectively 
(Table-4). 
The adult is nocturnal in habit. During daytime the adult usually remains 
hidden inside the cracks and crevices; under dry leaves or grasses in the field 
and paper strips or castor leaves under laboratory conditions. 
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2.7. PRE-MATING 
Pre-ovipositing adults of both sexes are swift. Pre-mating period varies on 
an average 17.36 + 01.91 hours (Table-5). 
2.8. PRE-OVIPOSmON 
The male starts fluttering its wings and moves its abdominal tip up and 
down. These activities are continued for 40-60 minutes. The female reacts 
displaying two type of behaviour, some of them respond with fluttering of their 
wings with slight rhythmic movement (contraction & relaxation) in the anal area, 
while other start moving slowly. The female and male then bring their abdominal 
tips close to each other in end-to-end position and copulate. 
In the experiment, isolated pairs were kept from the time of emergence 
and when the males completed mating with females the former were kept with 
other virgin females. The old males were found to mate again with the virgin 
females. Thus it was concluded that a male could mate with more than one 
female. The newly emerged moth mates on subsequent nights. The pre-
oviposition period lasts for 26.12 + 01.94 hours (Table-5). 
2.9. OVIPOSITION 
The egg laying does not occur just after the cessation of mating. It takes 
about 2-3 hours for the females to get ready for oviposition. Before performing 
the actual act of oviposition, the females show a series of behavioural 
responses. They become very active, start fluttering their wings, show rhythmic 
movements in the anal area and move fast all around the container till they are 
apparently exhausted. After a pause of 20-30 minutes a suitable oviposition site 
is selected by touching the substratum by means of slightly protruded anal area. 
After the selection of the ovisite, the female shows peristaltic movement in the 
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abdominal region before egg laying. For the deposition of the egg, the female 
brings abdominal tip close to the substratum and discharges an egg out, then 
the abdomen is retracted with a slight jerk and the wings are slightly raised. The 
eggs get adhered to the substratum because of a sticky coating. After laying an 
egg the female moves its abdomen on either side and lays the next egg. In this 
way the eggs are laid in an organized fashion in several rows. The average 
oviposition period in the mated female is 91.71 + 05.67 hours (Table-5). 
In the case of virgin females the mechanism of oviposition is the same but 
the pattern is different. In most of them the eggs are laid scattered or in heaps 
which is an abnormal characteristic for this species. Further, most of the virgins 
do not have the urge for oviposition. 
2.10. POST-OVIPOSITION 
The post-oviposition period is the duration between the cessation of egg 
laying and mortality of the adults. This is short period and average 34.19 + 02.96 
hours (Table-5). 
2.11. LONGEVITY AND SEX RATIO 
The longevity of adult moth of S. obliqua was observed in three replicates 
of experiments under laboratory conditions. In the first, ten pairs of adults were 
kept in ten rearing jars and allowed to feed and copulate. The longevity of males 
and females fed and allowed copulation varied from 4-7 and 6-10 days 
respectively. In second experiment, ten males and ten females were kept 
separately in ten rearing jars. Each was fed regularly but not allowed to 
copulate. The longevity of males and females in such cases varied from 7-12 
and 6-14 days respectively. In the third experiment, ten males and ten females 
were captivated separately and no food was given to them. The longevity of both 
sexes in such cases is 2-3 and 3-4 days respectively. 
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Females usually predominate in wild populations and are often twice as 
numerous as males. The female-dominant strain of S. obliqua when artificially 
breed in the B.O.D. under controlled conditions for several generations results 
into more females. Neither artificial environment nor breeding is the reason for 
this tendency as the time, space and nutrient status are main limiting factors 
governing sex ratio. 
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3. DISCUSSION 
The female moths of Spilosoma obliqua normally lay eggs during later 
part of night. The nocturnal ovipositional behaviour has been reported in 
Phyllocnistis citrella (Pandey & Pandey, 1964), Cnaphalocrosis medinalis 
(Velusany and Subramaniam, 1974), Hemithea tritonaria (Mehra & Shah, 1966), 
Nephopleryx leucocephala (Shah & Mehra, 1966), Thiacidas postica (Mehra & 
Shah, 1970), Andraca bipunctata (Banerjee, 1971), Lamprosema indicate 
(Kapoor etal., 1972), Halitosis armigera (Singh & Singh, 1975). Female of Cliilo 
zonellus, however, is reported to deposit eggs in the evening only (Trehan & 
Bhutani, 1949), whereas females of Polymatus boeticus oviposit in the bright 
daylight (Pandey et al., 1978). The moths generally lay their eggs in clusters or 
patches or singly with a few showing all the patterns. The recognition and 
orientation of the host plant by the insect, followed by the section of specific 
sites and finally the deposition of eggs are known to be governed by a number of 
factors both physical and chemical (Beak, 1965). The females of S. obliqua have 
been found to lay their eggs in large prominent batches as also reported in some 
other species, A. bipunctata (Banerjee, 1971), C. zonellus (Trehan & Bhutani, 
1949), T. postica (Mehra & Shah, 1970). On the other hand the females of 
Parnara mathias (Teotia & Nand, 1966) and H. armigera (Singh & Singh, 1975) 
lay their eggs singly. Both the patterns have been reported in the females of P. 
citrella (Pandey & Pandey, 1964) and P. boeticus (Pandey etal., 1978). 
Fecundity of female of S. obliqua under controlled conditions was found to 
vary from 687 to 1474 with an average of 1094 + 83.44 eggs. There is record of 
considerable variation in the fecundity of moths for example 15 to 45 eggs in 
Polytela gloriosae (Sachan & Srivastava, 1965), 64 + 4.70 eggs in P. gloriosae 
(Yadava, 1972). Ewing etal., (1947), Christids & Harrison (1955), and Hsu et al., 
(1960), recorded 1,000 egg in H. armigera, Patel et al. (1968) reported 1142.3 + 
360.6 eggs in H. armigera (Singh & Singh, 1975), 400 eggs in A. bipunctata 
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(Banerjee, 1971) and the females of Anomis flava laid on average of 370 eggs 
when caged with a single male and 407 eggs when caged with two males (Rao & 
Patel, 1973). 
In the present study it has been noticed that the eggs are originally light 
green which later turn green to pale, reddish brown and finally black at the time 
of hatching as also reported in A. flava (Rao & Patel, 1973), Pericallia ricini 
(Ghosh & Gonchaudhuri, 1996). The incubation period in S. obliqua varied 
between 110.87 + 09.61 to 131.92 + 12.35 hours with an average of 123.45 + 
02.11 hours. These figures are in broad agreement with those (2 to 5 day) 
reported by Srivastva & Saxena (1958); Hsu et. al. (1960); Mathur (1962); Reed 
(1965) and 2.6 to 3.6 days Singh & Singh (1975) in H. armigera. However, 
Wilcox et al. (1956) reported in H. armigera the incubation period as 5 to 10 
days. Further 2 to 6 days incubation period was reported by Khan (1956); 
Puttarudriah & Maheswariah (1956); Srivastava & Bhatnagar (1963) and Rao & 
Patel (1973) and 33 hours in Spodoptera mauritia (Murad, 1969). 
In the recent investigations the percentage of eclosion was found varying 
from 82.81 + 03.74 to 96.12 + 02.18% with an average 91.08 + 01.12%. The 
hatching percentage has been recorded towards higher side in A. flava of 
94.53% (Rao & Patel, 1973) and in P. ricini a high of 98% (Ghosh & 
Gonchaudhuri, 1996) was recorded. 
The larval period is subject to great variation in the lepidoptera depending 
on various parameters, like the atmospheric conditions, quality and quantity of 
food and the population density. Marked variations in the duration of larval 
developmental period was recorded when rearing was done on different food 
plants as reported in Prodenia litura by Moussa et al. (1960), Ratan & Nayak 
(1963), and in D. obliqua by Pandey et al. (1968) and Prasad & Premchand 
(1980). In the present work larval longevity was recorded as 70.32 + 02.59, 
82.11 + 02.24, 111.08 + 04.34, 121.16 + 03.34, 128.33 + 01.86 and 122.69 + 
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02.73 hours for 1 '^ to 6*'' instar respectively. In other reported species it was 2.68 
±0.18, 3.42 + 0.28, 4.78 + 034, 2.76 + 0.20 & 5.45 + 0.33 day in 1'' to 5'' instars 
larvae of P. gloriosae (Yadava, 1972) and 5, 3, 3, 3 & 4 days in respective 1 '^ to 
5'^  instar larvae of P. gloriosae (Yadava, 1972) and 5, 3, 3, 3 & 4 days in 
respective 1 '^ to 5**^  instar in P. ricini (Ghosh & Gonchaudhuri, 1996). 
The total average larval period as 624.42 + 16.23 hours (26 days) was 
recorded in the present study when the population density was 20 larvae per jar 
with abundance of food (castor leave). Whereas the average larval period was 
19.5 - days when fed on Maize and Urd, 26.5 - days on Sannhemp, 17.0 - days 
on Castor, 20.5 - days on Cotton, 19.0 - days on Jute and Groundnut, 17.5 -
days on Til, 21.5 - days on Dhainch, and 18.0 - days on Lobia in D. oblique 
(Pandey et al., 1968). Pandey and Srivastava (1967 and Rathore & Sachan 
(1978) obtained almost similar results with C. zonellus and Prodenia litura 
respectively. Total larval period was to 12.70 + 0.084 days in H. armigera (Rao & 
Patel, 1973), 33.7 - days in D. obliqua (Singh & Gangrade, 1974), 19.9 - days on 
Chenopodium album and 32.1 days in Brassica rugosa in D. obliqua. In S. 
mauritia the average larval duration was reported as 351 hours (Murad, 1969). 
Total larval duration was further recorded as 21-28 days on Maize (Srivastava & 
Saxena, 1958), 21.8 to 33.6 days and Sunflower (Coaker, 1959), 20-21 days 
(Hsu et al., 1960 and Reed, 1965) and 10.8 + 0.75 days (Singh & Singh, 1975) 
In H. armigera and 15-21 days in H. virescens (Martinez et al., 1986). Total 
larval period of Hyblaea puera on young, mature & senescent leaves of Tectona 
grandis was 15.90 + 0.8309, 18.02 + 0.5638 & 20.15 + 0.8530 days respectively 
(Murugan & Kumar, 1996). 
The size of larvae in S. obliqua varies from 3-4 mm in 1 '^ instar, 5-8 mm in 
2"" instar, 10-15 mm in 3'" instar, 19-26 mm in 4''' instar, 28-33 mm in 5*'' instar 
and 32.12-34.87 mm in e'*' instar. In A. gloriosae (Yadava, 1972) and A. flava 
(Rao & Patel, 1973) variable size of larvae has been recorded. Generally, 
mature last instar larvae are gregarious in feeding habit and are also voracious 
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feeders, a view shared with P. gloriosae (Yadava, 1972) and H. puera 
(Ananthakrishnan ef a/., 1985 and Murugan & Kumar, 1996). 
The pre-pupal and pupal duration last 70.55 + 02.90 hours (3 days) and 
255.14 + 15.76 hours (11 days) respectively. Pre-pupal period is highly variable 
for example 12 hours in S. mauhtia (Murad, 1969), 1-2 days in H. armigera 
(Singh & Singh, 1975), 1.5-1.8 days in D. obliqua (Rathore & Sachan, 1978), 2-3 
days in H. virescens (Martinez ef a/., 1986). The food of the larvae also plays 
considerable role in determining the pre-pupal period, for example 1.58 + 0.3681 
days, 1.75 + 0.3012 days and 2.95 + 0.5540 days on young, mature and 
senescent leaves of T. grandis in H. puera respectively (Murugan & Kumar, 
1996). Similarly, pupal period is also determined by food, for example 9 days on 
Maize, Till and Groundnut, 10 days on Sannhemp, 8 days on Urd, Castor, Jute, 
Dhainch & Lobia, 7.75 days on Cotton, in 0. obliqua (Pandey et al., 1968), 10.40 
+ 0.62 days in P. gloriosae (Yadava, 1972). Similarly, average pupal period was 
also found variable as 25.4 days on Cowpea, 12.0 days on Groundnut, 14 days 
on Sunflower, 18.1 days on Kalai, 15.1.days on Cotton in D. obliqua (Prasad and 
Premchand, 1980). However quite variable pupal period in D. obliqua was 
reported by different authors which vary from 8.8-9.6 days (Rathore & Sachan, 
1978). Similarly, in some related species it was recorded as 11.72 + 0.8248 
days, 13.99 + 1.0153 days and 15.04 + 0.8497 days on young, mature and 
senescent leave of T. grandis respectively in H. puera (Murugan and Kumar, 
1996), 164 hours in S. mauhtia (Murad, 1969), 5.8 days in H. armigera (Singh 
and Singh, 1975) and 9-17 days in H. virescens (Martinez eta!., 1986). 
The present studies show that the average adult emergence is 89.31 + 
01.98 percent. Whereas the percentage of adult emergence was 77.7 on Maize, 
60.0 on Sannhemp, 70.5 on Urd, 87.5 on Castor, 88.2 on Cotton, 91.6 on Jute, 
92.1 on Til, 64.2 on Dhainch, 75.0 on Groundnut and 67.6 on Lobia (Pandey et 
al., 1968), 100 on Cowpea and Groundnut, 66.6 on Sunflower, 87.5 on Kalai, 
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87.5 on cotton and 85.8 on Lucerne (Prasad and Premchand, 1980). The adults 
of S. obliqua generally emerge during night, a finding shared with Siddiqi (1985). 
Pre-mating period varies between 7.92 + 02.74 to 25.35 + 03.26 hours 
and average 17.36 + 01.91 hours in the present study which is comparable with 
18 hours as suggested by Siddiqi (1985). The moths of A. bipunctata however, 
are reported mating immediately after emergence (Banerjee, 1971), while the 
same period was 14-24 hours in P. citrella (Pandey and Pandey, 1964), one day 
after emergence in Lamborosema indicata (Kapoor et al., 1972) and average pre-
mating period 32 hours-36 minute in H. armigera (Singh and Singh, 1975). It 
takes 1-2.5 hours for the adults of Hyphantria cunea to become ready for mating 
(Aral and Mahuchi, 1979). 
In most lepidoptera diurnal changes in activity and rhythmic behaviour 
have been correlated with changes in light intensity (Larsen, 1943 and Edwards, 
1964). S. obliqua generally mate at night or at dark i.e. their mating time 
coincides with the emergence time. Siddiqi (1985) have reported similar findings 
in D. obliqua. In the majority of moths, mating generally occurs during night as in 
P. citrella (Pandey & Pandey, 1974), C. medinalis (Velusany & Subramanium, 
1964), A. bipunctata (Banerjee, 1971) and Lamprosema indicata (Kapoor et al., 
1972). The Euxco bilitura always prefers to mate and oviposit during day (Ripa, 
1980). Both the male and females show the activities of excitement. Only the 
recognition of the presence of the female in the vicinity excites the male and the 
behaviour is reflected by its activities. In S. obliqua the fast movement and 
fluttering of wings occurs before mating. Similar, responses have also been 
recorded by Aral & Mubuchi (1979) and Siddiqi (1985) in D. obliqua. While 
females are expected to minimise risks and energy expenditure during mating, 
males generally attempt to maximize their number of copulation (Emien & Oring, 
1977; Thornhill & Alcock, 1983). The mating occurs in end to end position in S. 
obliqua. Similar, observations have been made in P. gloriosae (Sachan and 
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Srivastava, 1965), S. mauritia (Murad, 1969), A. bigutella bigutella (Singh, 1978) 
and D. obliqua (Siddiqi, 1985). 
Present study show that the mating in S. obliqua occurs only once in its 
lifetime which takes place prior to the laying of eggs. Siddiqi (1985) made 
similar, observations. Single mating in the whole life was also reported in P. 
citrella (Pandey & Pandey, 1964) and H. armigera (Singh and Singh, 1975) but 
the moths of L. indicata mated more than once during their life time (Kapoor et 
al., 1972). 
The adult male of S. obliqua measures 25-35 mm in length with wing 
expanse of 40-50 mm. In certain other related species length from tip to tip and 
wingspan is 10.23 + 0.45 mm (n=10) and 31.84 + 0.03 mm (n=10) in P. gloriosae 
(Yadava, 1972), and 14.72 mm in length with wing expanse of 30.15 mm in A. 
f/ava (Rao &Patel, 1973). 
The data of present investigation shows average longevity of the mated 
male as 152.56 + 07.50 hours, female as 72.71 + 07.77 hours, unmated male as 
145.03 + 04.64 hours and female as 163.56 + 05.88 hours. Whereas in A. flava 
the average longevity was 10.68 + 1.07 days (1:1) and 11.70 + 1.15 days (2:1) in 
male and 9.75 + 1.89(0:1), 10.37 + 0.83(1:1), 11.60 + 1.12(2:1) in female (Rao 
& Patel, 1973). The longevity of laboratory reared males and females was 3.13 + 
0.78 and 6.63+ 0.85 days in H. armigera (Singh & Singh, 1975), and the adult 
longevity on young, mature and senescent leaf of T. grandis was 7.32 + 0.7372 
days, 5.92 + 0.8016 days, 4.86 + 0.8611 days in male and 8.69 + 0.6366 day, 
6.86 + 0.7567 days, 5.68 + 1.022 days in female of H. puera respectively 
(Murugan & Kumar, 1996). 
In the majority of lepidopterans, pre-oviposition, and post-oviposition 
period is generally quite short. In the present study, the pre-oviposition period 
varied from 18.82 + 04.17 to 35.73 + 07.36 hours with an average of 26.12 + 
01.94 hours. In other studies pre-oviposition period is shown to last for 1-2 days 
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as in T. postica (Mehra & Shah, 1970) 1-3 days in N. leucocephela (Shah & 
Mehra, 1966) and 54 hours in S. mauritia (Murad, 1969). Similarly, the pre-
oviposition period was recorded 1-4 days in H. armigera (Singh & Singh, 1975). 
In the present investigation the oviposition period is found to vary 
between 71.20 + 08. 08 to 122.48 + 05.84 hours with an average of 91.71 + 
05.67 hours. The oviposition duration of a single batch was recorded as 20.30 
minutes. The oviposition period in moths is subject to great variation. It was 1-3 
days in C. zonellus (Trehan & Bhutani, 1949), 1-11 days in H. tritonaria (Mehra & 
Shah, 1966), 4-6 days in 7. postica (Mehra & Shah, 1970), 20-24 hours in A. 
bipunctata (Banerjee, 1971), 2-14 days in A. flava (Rao & Patel, 1973) and C. 
medinalis (Velusany & Subramanium, 1974), 2-5 days in H. armigera (Singh & 
Singh, 1975) and P. boetius (Pandey et al., 1978), 1-2 days in P. ricini (Ghosh & 
Gonchaudhuri, 1996), and 11.72 + 0.8248 days, 13.99 + 1.0153 days and 15.04 
+ 0.8497 days on young, mature and senescent leaves of T. grandis in H. puera 
respectively (Murugan and Kumar, 1996). 
On the basis of present finding it could be suggested that the post-
oviposition period in S. obliqua range from 23.58 + 05.56 to 51.20 + 03.51 hours 
with an average of 34.19 + 02.96 hours. The findings in H. armigera (Rao and 
Patel, 1973; Singh and Singh, 1975) are in line with the results in the present 
study. 
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4. SUMMARY 
1. The Bihar hairy caterpillar, Diacrisia {Spilosoma) obliqua Walker (Lepidoptera : 
Arctiidae) was selected for present study as it is an important foliage feeder, widely 
distributed in the Oriental region. It is polyphagous in nature and known to attack a 
wide variety of plant species including agricultural crops, weeds as well as some 
ornamental plants. 
2. The life cycle is completed in 30-45 days depending upon the environmental 
conditions. 
3. A single female lays from 687 to 1474 eggs with average of 1094 + 83.44 in its life 
span. The incubation period varies between 110.87 + 09.61 to 131.92 + 12.35 hours 
with an average of 123.45 + 02.11 hours. Percent eclosion of eggs was found to be 
91.08 + 01.12. 
4. The freshly hatched larvae feed on the lower epidermis of leaves and soon 
skeletonize the latter. Feeding activities of larva increase with age. The whole body is 
densely covered with dark hairs. The total larval period lasts for 20-25 days. 
6. Full-grown first instar larva measure about 3-4 mm in length and the first instar larval 
period lasts for 70.32 + 02.59 hours. 
6. The actively feeding second instar larvae measure 5-8 mm in length. This stage lasts 
for 82.11 + 02.24 hours. The feeding pattern is more or less similar to the first instar 
larvae. 
7. The third instar larva is cylindrical, orange coloured with black spots on all thoracic 
and the last two abdominal segments. Its measures about 10-15 mm in length with 
instar duration lasting for 111.08 + 04.34 hours. These are gregarious and voracious 
feeders, causing serious damage to the crops. 
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8. The fourth instar larva measures approximately 19-26 mm in length with larval period 
121.16 + 03.34 hours. The feeding behaviour is much similar to that of the third 
instar. 
9. The fully-grown, actively feeding fifth instar larva measures about 28-33 mm in length. 
This stage lasts for 128.33 + 01.86 hours. Feeding behaviour and pattern is almost 
similar to third and fourth instar. But the amount and rate of food consumption is 
significantly high. 
10. The sixth instar larva measures 32.12-34.87mm in length. The larval period under 
control conditions varies from 108.25 + 09.24 to 134.30 + 04.13 hours. Average 
duration of the sixth instar alone is 122.69 + 02.73 hours. The feeding behaviour is 
similar to the earlier instar. 
11. The pre-pupal and pupal stage last 70.55 + 02.90 and 255.14 + 15.76 hours 
respectively. The full-formed female pupa measures 19.8 mm in length the male pupa 
is comparatively smaller and measures 15.2 mm in length. The newly formed pupa is 
pale yellow in colour but turns to leathery brown within 1-2 hours. 
12. The rupture of the pupal ease along the dorsal line of the thorax that provides a 
passage for adult to emerge out. Adult emergence from pupa an average 89.31 + 
01.98%. The newly emerged adult has pad-like wings take about one and half-hours 
to expand to their nornial size. 
13. The average longevity of adult mated male and female is 152.56 + 07.50 and 172.71 
+ 07.77 hours respectively, whereas for unmated male and female are 145.03 + 
04.64 and 163.56 + 05.88 hours respectively. 
14. The newly emerged moth mates duripg nights. The observation also reveals that the 
females mate only once in their lifetime, whereas the males can mate more than 
once. The pre-oviposition period lasts for 26.12 + 01.94 hours. 
15. The average oviposition period in the mated female is 91.71 + 05.67 hours. 
16. The average post-oviposition period is very short i.e., 34.19+ 02.96 hours. 
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PART - B. EFFECT OF MULTINEEM 8 EC AND ACHOOK 0.15 EC 
ON REPRODUCTIVE BIOLOGY AND BEHAVIOUR 
1. INTRODUCTION 
Two commercial neem products (Multineem 8 EC and Achook 0.15 EC) 
were evaluated by spraying method with different concentrations on castor 
leaves for their biological activities against polyphagous lepidopterous pest, 
SpilosOma obliqua Walker (Lepidoptera : Arctiidae). While multineem was found 
quite toxic on fifth and sixth instar larvae, achook proved to be more effective in 
comparison to multineem. Observations on the reproductive potential, mortality 
and abnormality in larval, pupal and adult forms were made. Similarly, the 
fecundity and fertility and longevity of adults were also observed and compared 
with the control. In larvae treated with multineem and achook, the mortality, 
reproductive period, rate of reproduction and longevity was considerably 
reduced. 
The effects of sub-lethal doses of multineem and achook were studied on 
S. obliqua in the laboratory. Different concentrations of multineem & achook i.e. 
0.01%, 0.025%, 0.05% & 0.08% and 0.001%, 0.002%, 0.004% & 0.006% 
respectively were applied on the castor leaves and provided to two days old fifth 
instar larvae in three replicates. Each replicate consisting of 20 larvae was 
subjected to application by spraying method on castor leaves which were 
subsequently offered to fifth and sixth instar larvae. On a parallel basis three 
replicates of same stage and age untreated larvae were maintained as control. 
The results obtained on mortality, longevity of larvae, emergence and longevity 
of adults, fertility and fecundity, pupal and adult malformations and unhatched 
pupa, pre-oviposition, oviposition and post-oviposition period of treated S. 
obliqua are presented. 
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2. OBSERVATION & RESULTS (Treated with Multineem) 
Application of different closes viz., 0.01%, 0.025%, 0.05% and 0.08% 
multineem through spray as well as feeding method was made. Their effect on 
mortality, longevity of larvae, adult emergence, longevity of adult, fertility, 
fecundity, malformation and unhatched pupa, pre-oviposition, oviposition and 
post-oviposition period of S. obliqua was recorded. The effect of neem extract on 
larval behaviour were visually observed and studied under laboratory conditions. 
It was visualized that multineem has significant effect on larval stages 
understudy (fifth & sixth instar). 
The moulting behaviour of the fifth and sixth instar larvae of S. obliqua 
with different concentrations of multineem was studied. Twenty newly moulted 
fifth instar larvae were kept individually in separate rearing glass jars having 
above-mentioned concentrations of multineem to test the feeding efficiency and 
preference if any. It was observed that the treatment caused the larva to stop 
feeding, become sluggish and dark in colour before moulting. The excuviae were 
observed having shrunken outer exoskeleton consisting of chitinous covering of 
hairy skin of the larvae. The total number of moults that the larva undergoes 
during post-embryonic development and the duration of fifth and sixth instar 
varied considerably with different concentrations. The results indicate that the 
number of instar is generally not affected by low concentrations of multineem. 
However, slight change in the duration of larval instar has been noticed with 
0.05 & 0.08% multineem where duration of instar was extended of even 
shortened. These changes were however not found significant. 
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2.1. EFFECT ON MORTALITY OF FIFTH & SIXTH INSTAR LARVAE 
2.1.1. Fifth Instar larvae (Table-6, Fig. 119) 
Different concentrations of 0.01%, 0.025%, 0.05% and 0.08% multineem 
were used against two days old fifth instar larvae with castor leaves. The 
average mortality of fifth instar larvae of S. obliqua was 14.66 + 03.57%, 23.33 + 
04.24%, 26.28 + 04.86% and 32.42 + 04.53% against respective concentrations. 
The results obtained by 0.08% concentration was quite significant (t=02.963, 
P>0.05). 0.01% concentration show no significant effect (t=01.997, P<0.05) and 
other two treatments of 0.025 & 0.05% gave good results (t=02.511, P>0.05) & 
(t=02.550, P>0.05) when compared with the control {03.97 + 01.08). 
2.1.2. Sixth Instar larvae (Table 6, Fig. 119) 
Above mentioned concentrations were applied and continued on same 
replicate up to full mature sixth instar larvae. The average mortality of sixth instar 
larvae was obtained as 10.82 + 02.20%, 17.60 + 03.25%, 27.43 + 03.57% and 
29.01+ 02.73% against respective concentration. High mortality (29.01 + 
02.73%) was recorded by 0.08% concentration which was quite significant 
(t=03.446, P>0.05). First two treatment 0.01 & 0.025%, presented no significant 
results (t=02.028, P<0.05) and {t=02.416, P<0.05) but 0.05% concentration was 
significant (t=03.017, P>0.05) when compared with the control (03.13 + 01.05). 
Results presented in Table-6, Fig. 119 showed that the average total 
mortality of fifth and sixth instar larvae up to pupal stage was 25.48%, 40.93%, 
53.71% and 61.43% against respective concentrations, the last two 
concentrations (0.05 & 0,08%) were more effective than the first two doses (0.01 
& 0.025%). Thus, it could be concluded that higher concentration of multineem 
(0.08%) gives higher mortality when compared with the control (07.10) 
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2.2. EFFECT ON LONGEVITY OF FIFTH & SIXTH INSTAR LARVAE 
2.2.1. Fifth Instar larvae (Table-6, Fig. 121) 
The effect of different doses of 0.01%, 0.025%, 0.05% and 0.08% 
multineem were recorded on the larval longevity during fifth instar. Reduced 
longevity as 116.15 + 04.11 hours, 97.20 + 04.88 hours, 89.07 + 06.13 hours 
and 76.20 + 06.40 hours were obtained against respective concentrations. 
Longevity was greatly shortened (76.20 + 06.40 hours) by 0.08%. 0.01% 
concentration proved insignificant (t=01.911, P<0.05) but the other three higher 
concentrations (0.025, 0.05 & 0.08%) showed significant results (t=G2.492, 
P>0.05), (t=02.588, P>0.05) and (t=02.870, P>0.05) against respective doses 
when compared with the control (139.30 + 06.86). 
2.2.2. Sixth Instar larvae (Table-6, Fig. 121) 
The concentrations, which were applied on castor leaves and provided to 
the fifth instar larvae, were continued on the sixth instar larvae up to pupal 
stage. The higher concentration proved highly effective and the larval longevity 
was adversely affected being 111.35 + 05.05 hours, 94.53 + 06.26 hours, 88.30+ 
05.92 hours and 73.40 + 07.36 hours against respective applications. However, 
the 0.01% concentration proved to be insignificant (t=01.966, P<0.05), whereas 
0.025%, 0.05% and 0.08% concentrations were found significant (t=02.497, 
P>0.05), (t=02.744, P>0.05) and (t=02.974, P>0.05) when compared with the 
control (131.68+ 04.06). 
2.3. EFFECT ON MATED & UNMATED ADULT LONGEVITY 
Newly emerged adults were reared normally. The treated & untreated 
adults were observed for longevity, fecundity and fertility. 
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2.3.1. Mated Male (Table-8, Fig. 123) 
The effect on the longevity of mated males following the application of 
different concentrations of multineem viz., 0.01%, 0.025%, 0.05% and 0.08% 
have been noted. While 0.01% dose was slightly reduced as 145.92 + 04.66 and 
insignificant (t= 01.911, P<0.05). Other three higher concentrations (0.025, 0.05 
and 0.08%) greatly reduced their longevity as 127.92 + 03.80 hours, 123.73 + 
06.04 hours and 110.87 + 04.32 hours with respective concentrations which was 
found statistically significant (t=02.586, P>0.05), {t=02.472, P>0.05) & (t=02.981, 
P>0.05) when compared with the control (171.58 + 07.51). 
2.3.2. Mated Female (Table-8, Fig. 123) 
Following the applications of 0.01%, 0.025%, 0.05% and 0.08% 
concentrations, longevity was recorded as 158.63 + 06.07 hours, 146.97 + 05.32 
hours, 133.87 + 04.29 hours and 128.92 + 05.20 hours against respective 
concentrations. While 0.01 and 0.025% multineem had no significant effect 
(t=01.614, P<0.05), (t=02.021, P<0.05). 0.05 and 0.08% concentrations were 
found highly effective and significant (t=02.452, P>0.05) & (t=02.495, P>0.05) 
when compared with the respective control (182.25 + 09.65). 
2.3.3. Unmated Male (Table-8, Fig. 124) 
The spraying application of multineem at 0.01%, 0.025%, 0.05% and 
0.08% concentrations on the castor leaves and provided to the fifth and sixth 
instar larvae of S. obliqua up to pre-pupal stage were recorded. The longevity of 
unmated male was 133.97 + 04.40 hours, 122.07 + 04.06 hours, 113.92 + 03.52 
hours and 107.58 + 06.47 hours against respective concentrations. While 
0.025%, 0.05% and 0.08% concentrations were found statistically significant 
(t=02.667, P>0.05), (t=02,995, P>0.05) & (t=02.781, P>0.05) the minimal dose 
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i.e. 0.01% proved insignificant (t=02.219, P<0.05) when compared with the 
respective control (163.97 + 06.15). 
2.3.4. Unmated Female (Table-8, Fig. 124) 
The concentrations 0.01 and 0.025% of multineem remained less 
effective on the unmated female as the longevity observed was 155.68 + 04.27 
and 143.25 + 02.92 hours against respective concentrations but insignificant 
(t=01.728, P<0.05) & (t=02.376, P<0.05). However, the other doses of multineem 
viz., 0.05 and 0.08% were found highly effective reducing the longevity 
significantly 132.53 ±03.18 and 125.02 + 04.24 hours as (t=02.718, P>0.05) & 
(t=02.803, P>0.05) when compared with respective control (174.58 + 06.69). 
2.4. EFFECT ON FECUNDITY (Table-10, Fig. 127) 
Different concentrations of multineem (0.01%, 0.025%, 0.05% and 0.08%) 
were applied on the castor leaves and provided to the fifth and sixth instar of S. 
obliqua up to pupal stage. Each emerged female adult moth laid average 609 + 
67.25, 556 + 43.02, 363 + 30.73 & 304 + 27.97 eggs with the respective 
concentrations, which was significantly lower than the control. Average number 
of eggs laid by the single female derived from untreated larvae was 1182 + 
211.59. The dose i.e. 0.08% was found statically significant (t=02.520, P>0.05) 
but 0.01%, 0.025% and 0.05% concentrations proved insignificant (t=01.887, 
P<0.05), (t=02.064, P<0.05) & (t=02.420, P<0.05) when compared with the 
respective control (1182 + 211.59). 
2.5. EFFECT ON EGGS ECLOSION (FERTILITY) (Table-IO, Fig. 129) 
Fertility was observed less than the control. First dose (0.01%) show 
reduced fertility (59.54 + 06.55%) but was insignificant (t=02.401, P<0.05). 
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However, reduction in the fertility 42.12 + 04.77%, 36.94 + 05.92% and 24.70 + 
05.38% against respective doses were also statistically significant (t=03.261, 
P>0.05), (t=03.209, P>0.05) and (t=03.646, P>0.05) when compared with the 
respective control (93.15 + 03.54). 
2.6. EFFECT ON MALFORMATION (Table-10, Fig. 129) 
The malformed pre-pupae, pupae and adult developed due to abnormal 
moulting and other physiological disturbances. Fifth and sixth instar larvae up to 
pupal stage were treated with different concentrations (0.01%, 0.025%, 0.05% 
and 0.08%) of multineem. Malformed adults emerged from treated pupa were 
15.02 + 03.30%, 13.84 + 03.14%, 10.27 + 03.15% and 08.21 + 02.77% by 
respective concentrations. However, 0.01 and 0.025% concentrations were 
statistically significant (t=02.517, P>0.050) and (t=02.454, P>0.05) but 0.05 & 
0.08% concentrations were insignificant (t=02.047, P<0.05) and (t=01.879, 
P<0.05) when compared with the control (02.10 + 00.23). 
The affected larvae were smaller in size. Only partial emergence of adults 
was observed in some abnormal pupae. These adults could manage only partial 
emergence from the pupal case and eventually died in their chamber. In 
addition, various other types of larval, pupal adult deformities were recorded. 
Pupal deformities usually begin at the ^'^ and 6'" instar larval moulting. The 
affected individuals were unable to shed their old cuticle and died in phorate 
condition. The adult deformities were seen in the form of reduction, curled, 
crumpled and incompletely formed wings. Such individuals are called 'adultoids' 
which are unable to fly. Some of the adultoids failed even to shed their exuvae, 
which remained attached to their legs or crumpled wings. 
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2.7. EFFECT ON UNMATCHED PUPAE (Table-10, Fig. 129) 
Following the application of 0.01%, 0.025%, 0.05%, 0.08% concentrations 
against the fifth & sixth instar larvae, varying percentage of unemerged pupae 
were obtained. These treatments adversely affected the pupal formation. Against 
these treatment 13.05 + 01.13%, 16.39 + 02.00%, 18.25 + 03.45% and 19.31 + 
01.85% unemerged pupae were obtained. 0.05% was not significant (t=02.314, 
P<0.05) while other three doses were very effective and unemerged pupal 
percentage was statistically significant (t=02.662, P>0.05), (t=02.631, P>0.05) & 
(t=03.025, P>0.05) respectively concentrations (0.01%, 0.025% & 0.08%) when 
compared with the control (04.76 + 00.91). 
2.8. EFFECT ON PUPAL LONGEVITY (Table-10, Fig. 127) 
The longevity of pupae treated with 0.01%, 0.025%, 0.05% & 0.08% was 
296.02 + 12.21 hours, 319.58 + 11.32 hours, 348.53 + 12.78 hours and 357.87 + 
10.74 hours respectively. Longevity of pupae was increased but all the doses 
were insignificant (t=00.331, P<0.05), (t=01.429, P<0.05), (t=02.032, P<0.05) & 
(t=02.308, P<0.05) respectively when compared with the control (294.63 + 
09.82). 
2.9. EFFECT ON ADULT EMERGENCE (Table-12, Fig. 131) 
With the application of 0.01%, 0.025%, 0.05% and 0.08% concentrations 
of multineem on the castor leaves and provided to the fifth and sixth instar larvae 
up to pre-pupal stage, average adult emergence was 41.25 + 05.38%, 25.92 + 
03.59%, 21.87 + 04.31% and 15.26 + 02.22% against respective concentrations. 
The results were found significant (t=02.985, P>0.05), (t=03.851, P>0.05), 
(t=03.788, P>0.05) and (t=04.638, P>0.05) when compared with the respective 
control (87.31 + 03,58). 
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2.10. EFFECT ON PRE-OVIPOSITION (Table-12, Fig. 131) 
Fifth and sixth instar larvae of S. obliqua were treated with different 
concentrations of multineem viz., 0.01%, 0.025%. 0.05% and 0.08% for 
determining the effect on the pre-oviposition period. The pre-oviposition period 
decreased to 24.35 + 03.64 hours, 15.20 + 03.79 hours, 11.63 + 01.26 hours, 
and 09.30 + 02.00 hours respectively. While 0.01 & 0.025% concentrations had 
no significant effect (t=01.904, P<0.05) & (t=01.722, P<0.05). 0.05 and 0.08% 
concentrations provided significant results (t=02.545, P>0.05) and (t=02.511, 
P>0.05) when compared with respective control (26.20 + 02.64). 
2.11. EFFECT ON OVIPOSITION {Table-12, Fig. 131) 
The oviposition response of mated mature female moths against different 
concentrations of multineem 8 EC (neem product) was studied. It was observed 
that with all the concentration oviposition of moth was adversely affected as the 
total number of eggs laid by treated moth was much lower in comparison to the 
respective control. 
The greater effects were noticed on the oviposition period of moth treated 
with 0.01%, 0.025%, 0.05% and 0.08% concentrations. All doses reduced 
oviposition period to 91.73 + 04.10 hours, 84.92 + 03.89 hours, 74.58 + 02.87 
hours and 68.53 + 03.06 hours by respective concentrations. But 0.05 & 0.08% 
doses are significant (t=02.458, P>0.05) & {t=02.719, P>0.050). 0.01 and 
0.025% concentrations the oviposition period was insignificant (t=01.171, 
P<0.05) & (t=01.712, P<0.05) when compared with the control (98.02 + 03.85). 
2.12. EFFECT ON POST-OVIPOSITION (Table-12, Fig. 131) 
The castor leaves treated with the above concentrations were provided to 
fifth and sixth instar larvae of S. obliqua up to pre-pupal stage. Post-oviposition 
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period was decreased to 32.20 + 02.58 hours, 27.58 + 03.25 hours, 26.73 + 
02.92 hours and 17.43 + 03.33 hours by the respective concentrations. In case 
of 0.01 and 0.08% concentrations the post-oviposition period was found to be 
statistically insignificant {t=01.432, P<0.05), (t=01.785, P<0.05) and (t=01.908, 
P<0.05). However, 0.08% proved significant (t=02.470, P>0.05) when compared 
with the control (38.35 + 02.61). 
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3. OBSERVATION & RESULTS (Treated with Achook) 
An enriched neem formulation (Achook 0.15 EC) containing Nembocinal 
in the form of aqueous solution has been used. The functional effect of achook 
was evaluated under laboratory conditions on S. obliqua. Achook also affected 
the larval and pupal survival as well as adult emergence in a dose dependent 
manner. Further, achook reduced the larval growth and overall development, 
prolonged time of pupation, and lowered pupal weight, resulting in the formation 
of deformed individuals. Field evaluation of the said neem formulation against the 
insect pests of major crops such as cotton, okra, brinjal, cabbage, jute and castor 
are undertaken by various workers at different locations in the country. 
In the present study, effect of application of different concentrations viz., 
0.001%, 0.002%, 0.004% and 0.006% achook was undertaken. Through spray 
treatment was made on the fifth and sixth instar larvae of S. obliqua. The result 
on the longevity, malformation of pupae and adult as well as fecundity and 
fertility of adult were analyzed. 
3.1. EFFECT ON MORTALITY OF FIFTH & SIXTH INSTAR LARVAE 
The manifestation of abnormal moulting was usually in the terms of larval 
mortality. Due to toxic effect, abnormal moulting and mortality were recorded 
with all the concentrations. 
3.1.1. Fifth Instar Larvae {TabIe-7, Fig. 120) 
Following the application of 0.001%, 0.002%, 0.004% and 0.006% of 
achook, it was observed that average mortality was 16.49 + 03.22%, 24.26 + 
03.64%, 27.93 + 04.36% and 29.41 + 03.30% respectively. Average mortality of 
three replicates was more than the untreated larvae. These doses were highly 
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effective but the lowest dose 0.001% proved insignificant (t=02.247, P<0.05). 
However, the next three concentrations 0.002%, 0.004% & 0.006% were found 
to be statistically significant (t=02.731, P>0.05), (t=02.762, P>0.05) and 
(t=03.171, P>0.05), when compared with the control (03.97 + 01.08). 
3.1.2. Sixth Instar Larvae (Table-7, Fig. 120) 
The fifth instar treated replicates were continued up to pre-pupal stage. 
Average mortality of sixth instar larvae was observed as 11.36 + 02.41%, 17.27 
+ 03.43%, 21.56 + 03.86% and 24.96 + 03.09% with the respective 
concentrations. When 0.001 & 0.002% concentrations of the application were 
used, mortality percentage of this instar remained insignificant (t=02.034, 
P<0.05) & {t=02.341, P<0.05). While 0.004 and 0.006% concentrations were 
found as highly effective (t=02.522, P>0.05) & (t=03.022, P>0.05) when 
compared with the control (03.13 + 01.05). A good percentage of sixth instar 
larvae did not grow to their full size but did change into pre-pupal stage although 
such larvae could not moult into pupa and eventually died. 
The total larval mortality of fifth & sixth instar were recorded as 27.85%, 
41.53%, 49.49% and 54.37% by the above respective concentrations, which is 
significant when compared with the respective control (07.10). 
3.2. EFFECT ON LONGEVITY OF FIFTH & SIXTH INSTAR LARVAE 
3.2.1. Fifth Instar Larvae (Table-7, Fig. 122) 
Castor leaves treated with 0.001%, 0.002%, 0.004% and 0.006% achook 
concentrations were provided to fifth instar larvae. These were effective on the 
average longevity during fifth instar period. However, with the applications of all 
concentrations, the larval duration was considerably reduced 110.92 + 04.57 
hours, 93.35 + 06.09 hours, 85.25 + 07.29 hours and 81.92 + 06.65 hours with 
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respective dose. But 0.001% was not significant (t=02.074, P<0.05), other closes 
i.e. 0.002%, 0.004% and 0.006% were however statistically significant (t=02.479, 
P>0.05), (t=02.572, P>0.05) and (t=02.712, P>0.05) when compared with the 
respective control (139.30 + 06.86). 
3.2.2. Sixth Instar Larvae (Table-7, Fig. 122) 
The observations on the longevity of sixth instar larvae were made with 
different concentrations of achook. The longevity of sixth instar larvae treated 
with 0.001% concentration was decreased to 113.10 + 04.94 hours which was 
not significant (t=01.892, P<0.05). However, with 0.002%, 0.004% & 0.006% the 
longevity was highly reduced 98.25 + 02.36 hours, 92.68 + 05.64 hours and 
88.58 + 06.78 hours and proved statistically significant (t=02.639, P>0.05) and 
(t=02.624, P>0.05) when compared with the respective control (131.68 + 04.06). 
3.3. EFFECT ON MATED & UNMATED ADULT LONGEVITY 
The sub-lethal concentrations of achook 0.15 EC (neem extract) was 
used on the castor leaves and provided to fifth and sixth instar larvae of S. 
obliqua individually in the replicates. Emerged adults were reared on 5% glucose 
solution. Longevity of treated and untreated adults was recorded. 
3.3.1. Mated Male (Table-9, Fig. 125) 
0.001 %, 0.002%, 0.004% and 0.006% achook treated castor leaves were 
fed to two days old fifth instar larvae of S. obliqua and continued up to the sixth 
instar and longevity of emerged adult male moth was recorded. The adult 
longevity was 155.97 + 04.87 hours, 138.12 + 04.98 hours, 125.48 + 06.47 
hours and 112.53 + 06.28 hours on respective concentrations. The 
concentrations i.e. 0.001%, 0.002% and 0.004% were found statistically 
insignificant (t=01.478, P<0.05), (t=02.154, P<0.05) and (t=02.390, P<0.05). 
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0.006% concentration was significant (t=02.724, P>0.05) when compared witii 
the respective control (171.58 + 07.51). 
3.3.2. Mated Female (Table-9, Fig. 125) 
The longevity of mated female was 140.35 + 05.02 hours, 134.73 + 04.94 
hours, 131.07 + 07.48 hours and 130.40 + 05.20 hours with application of 
respective above concentrations. While the first two concentrations (0.001 & 
0.002%) were statistically insignificant (t=02.224, P<0.05) and (t=02.377, 
P<0.05), the other 0.004 & 0.006% concentrations gave significant result 
(t=02.275, P>0.05) and (t=02.460, P>0.05) when compared with the respective 
control (182.25+ 09.65). 
3.3.3. Unmated Male (Table-9, Fig. 126) 
Average longevity of unmated adult was 127.92 + 06.64 hours, 104.25 + 
04.65 hours, 91.12 + 04.05 hours and 98.02 + 06.36 hours with 0.001%, 
0.002%, 0.004% and 0.006%. The 0.001% concentration was least effective and 
insignificant (t=02.209. P<0.05) but the other three concentrations gave 
significant results (t=03.094, P>0.5), (t=03.431, P>0.05) & (t=03.242, P>0.05) 
when compared with the control (163.97 + 06.15). 
3.3.4. Unmated Female (Table-9, Fig. 126) 
The longevity of unmated female was 146.30 + 04.65 hours, 118.97 + 
05.17 hours, 110.97 + 07.88 hours and 96.25 + 05.91 hours with the above 
mentioned respective concentrations of achook when compared with emerged 
untreated female. The concentration 0.001% was statistically insignificant 
(t=02.079. P<0.05). Further, all three concentrations of achook showed 
significant results (t=02.851, P>0.05), (t=02.750, P>0.05) and (t=03.282, P>0.05) 
when compared with the control (174.58 + 06.69). 
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3.4. EFFECT ON FECUNDITY {Table-11, Fig. 128) 
The fecundity of Fi generation was analyzed and was found to be 
affected by the use of achook applications with different concentrations i.e. 
0.001%, 0.002%, 0.004% and 0.006%. Treated female laid 521 + 81.82, 446 + 
103.45, 318 + 19.40 and 269 + 43.92 eggs, which was considerably reduced. 
The fecundity of emerged female of 0.004 & 0.006% treated insects when 
compared with the control gave significant results (t=02.545, P>0.05) and 
(t=02.488, P>0.05). 0.001 & 0.002% concentrations gave insignificant results 
(t=01.975, P<0.05) and (t=02.012, P<0.05) when compared with the control 
(1182 + 211.59). 
3.5. EFFECT ON EGG ECLOSION (FERTILITY) (Table-11, Fig. 130) 
The fertility of the female of above treated larvae was analyzed. The 
average fertility was recorded as 50.41 + 09.73%, 30.23 + 06.19%, 21.71 + 
04.93% and 16.96 + 03.87% with respective concentration. Last three (0.002, 
0.004 and 0.006%) concentrations were significant (t=03.346, P>0.05), 
(t=03.822, P>0.05) and (t=04.219, P>0.05) respectively but 0.001% 
concentration remained insignificant (t=02.362, P<0.05) when compared with the 
control (93.15+ 03.54). 
3.6. EFFECT ON MALFORMATION {Table-11, Fig. 130) 
Malformation with various degrees in the wings, antennae, legs and whole 
body of adult that emerged from the affected pupae was observed with the doses 
of achook 0.15 EC. A large number of emerged adults were with deformed 
wings. Achook applications with different concentrations i.e. 0.001%, 0.002%, 
0.004% and 0.006% resulted in noticeable malformation as 16.29 + 03.01%, 
12.71 + 03.21%, 11.35 + 02.41% and 09.59 + 01.46%. The treatment i.e. 
0.001%, 0.004% and 0.006% were statistically significant (t=02.755, P>0.05), 
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(t=02.459, P>0.05) and (t=02.765, P>0.05). 0.002% was not significant 
(t=02.309, P<0.05) when compared with the control (02.10 + 00.23). Treated 
larvae of S. obliqua either died within 4-6 days or changed into abnormal 
intermediates. Like wise affected pupae either remained unemerged or often-
produced adults with deformed wings. It also showed certain characteristic 
symptoms, such as blackening of mouth parts and development of blackened 
pro-legs with spots on the body or inability of larva to spin a proper cocoon 
resulting in the formation of a fragile cocoon. 
3.7. EFFECT ON UNMATCHED PUPA {Table-11, Fig. 130) 
Sixth instar treated larvae passed into pupal form and the percentage of 
unemerged pupae were 10.80 + 01.31%, 19.61 + 04.13%, 21.84 + 02.08% and 
22.33 + 03.93%. The result of treatments i.e. 0.001 & 0.002% were statistically 
insignificant (t=02.172, P<0.05) & (t=02.259, P<0.05) but with the treatment I.e. 
0.004 & 0.006% it showed significant results as (t=03.142, P>0.05) & (t=02.509, 
P>0.05) when compared with the control (04.76 + 00.91). 
3.8. EFFECT ON PUPAL LONGEVITY (Table-11, Fig. 128) 
The effect of different concentrations of achook viz., 0.001%, 0.002%, 
0.004% and 0.006% was observed on the longevity of pupae. After treatment 
longevity was gradually increased to 312.20 + 13.67 hours, 321.35 + 18.05 
hours, 337.53 + 08.72 hours and 362.30 + 10.88 hours with the respective 
concentrations. But the results with all concentrations were insignificant 
(t=01.138, P<0.05), (t=01.289, P<0.05), (t=02.002, P<0.05) and (t=02.380, 
P<0.05) when compared with the control (294.63 + 09.82). 
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3.9. EFFECT ON ADULT EMERGENCE (Table-13, Fig. 132) 
The application of 0.001%, 0.002%, 0.004% and 0.006% achook 
concentrations were used through spray on the castor leaves which were 
provided to experimental instars. The adult emergence was affected and was 
found to decrease i.e. 36.25 + 02.62%, 23.43 + 03.35%, 19.45 + 02.28% and 
12.44 + 02.89% with respective concentrations. All the concentrations including 
the lowest concentration had influenced the adult emergence (t=03.777, 
P>0.05), (t=03.996, P>0.05), (t=04.481, P>0.05) and (t=04.474, P>0.05) when 
compared with the control (87.31 + 03.58). 
3.10. EFFECT ON PRE-OVIPOSITION (Table-13, Fig. 132) 
The newly emerged female from fifth and sixth instar larvae treated with 
0.001%, 0.002%, 0.004% and 0.006% concentrations of achook. The pre-
oviposition period was recorded as 23.20 + 03.01 hours, 19.68 + 04.13 hours, 
12.15 + 01.44 hours and 08.58 + 01.89 hours with the respective concentrations. 
The pre-oviposition period was decreased with all doses. The three 
concentrations i.e. 0.001%, 0.002% and 0.004% were statistically insignificant 
(t=01.806, P<0.05), (t=01.291, P<0.05) & (t=02.440, P<0.05) but 0.006% 
concentration significant (t=02.698, P>0.05) when compared with the control 
(26.20 + 02.64). 
3.11. EFFECT ON OVIPOSITION (Table-13, Fig. 132) 
Female adults emerged from pupa where larvae were fed on 0.001%, 
0.002%, 0.004% and 0.006% concentrations of achook treated castor leaves 
showed changed oviposition period. The oviposition period was 82.25 + 04.69 
hours, 80.82 + 04.61 hours, 71.58 + 03.35 hours, 64.63 + 04.22 hours with the 
respective concentrations. All the treatments caused considerable decrease in 
the period of oviposition. 0.004 & 0.006% concentrations were significant 
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(t=02.521, P>0.05) & (t=02.677, P>0.05) whereas 0.001 & 0.002% 
concentrations were not significant (t=01.789, P<0.05) & (t=01.877, P<0.05) 
when compared with the control (98.02 + 03.85). 
3.12. EFFECT ON POST-OVIPOSITION (Table-13, Fig. 132) 
The post-oviposition period of treated female was 34.02 + 05.78 hours, 
26.20 + 03.29 hours, 21.15 + 02.22 hours and 18.92 + 02.66 hours. The 0.004 & 
0.006% concentrations were highly effective and decreased the post-oviposition 
period which was statistically significant (t=02.504, P>0.05) & (t=02.528, 
P>0.05). Other concentrations (0.001 & 0.002%) insignificantly decreased the 
post-oviposition period (t=00.946, P<0.05), (t=01.882, P<0.05) when compared 
with the control (38.35 + 02.61). 
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4. DISCUSSION 
There are numerous reports that azadirachtin when applied topically 
prolongs larval period, arrests growth, development and causes mortality 
(Ruscoe, 1972; Rembold et al., 1981; Ladd et al., 1984). The effects are 
attributed mainly to azadirachtin interference with endocrine system. 
Azadirachtin however, has no direct toxicity (Schluter e^  al., 1985). The present 
investigation throws enough light on the eco-friendly insecticides, Muitineem 8 
EC and Achook 0.15 EC which show encouraging results on the control of 
Spilosoma obliqua. The mortality, longevity rate of reproduction, larval period, 
fertility and fecundity were greatly affected on treatment with 0.01%, 0.025%, 
0.05% and 0.08% concentrations of muitineem. The larval mortality with 
muitineem treatment was greatly increased as compared to control such as in 
fifth instar 14.66 + 03.57%, 23.33 + 04.24%, 26.28 + 04.86% and 32.42 + 
04.53%, and in sixth instar 10.82 + 02.20%, 17.60 + 03.25%, 27.43 + 03.57% 
and 29.01 + 02.73% whereas total mortality of fifth and sixth instar as 25.48%, 
40.93%, 53.71% and 61.43% with respective concentration of muitineem. 
Similarly, achook concentrations viz., 0.001%, 0.002%, 0.004% and 0.006% 
showed mortality of fifth instar larvae as 16.49 + 03.22%, 24.26 + 03.64%, 27.93 
+ 04.36% and 29.41 + 03.30% and in sixth instar larvae as 11.36 + 02.41%, 
17.27 + 03.43%, 21.56 + 03.86% and 24.96 + 03.09%. Therefore, total mortality 
of fifth and sixth instar larvae of S. obliqua was increased as 27.85%, 41.53%, 
49.49% and 54.37% with respective concentrations of achook. With the increase 
in concentration, the percentage mortality also increased which means that 
mortality is concentration (dose) dependent. In the present study, the laboratory 
results were in agreement with those of Saxena et al. (1981); Schmutterer et al. 
(1983); Agrawal and Mall (1988); Mikalajczak etal. (1989); Tanzubil & McCaffery 
(1990); Bhathal & Singh (1993); AliNiazee et al. (1997) and Srivastava et al. 
(1997). Pandey et al. (1987) reported that in Lipaphis erysimi (Kalt.) treated with 
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Azadirachta indica mortality ranged from 53.33 to 60.00% at 0.5% concentration, 
63.33 to 80.00% at 1.0% concentration and 80.00 to 86.66% at 1.5% 
concentration. Similarly, Raman et al. (1993) reported that mortality in Earlas 
vitella was 41.18% at 0.5% concentration, 59.41% at 1.0% concentration, 
64.71% at 2.0% concentration and 88.24% at 3.0% concentration and in 
Helicoverpa armigera (Huber) 100.00% at 0.5% concentration, 100.00% at 1.0% 
concentration and 100.00% at 2.0% concentration of achook. 
Data relating to the experiment were subjected to statistical analysis. The 
longevity of fifth and sixth instar, treated with 0.01%, 0.025%, 0.05% and 0.08% 
concentrations of multineem were analyzed. The fifth instar larval longevity was 
116.15 + 04.11 hours, 97.20 + 04.88 hours, 89.07 + 06.13 hours and 76.20 + 
06.40 hours and sixth instar larval longevity was 111.35 + 05.05 hours, 94.53 + 
06.26 hours, 88.30 + 05.92 hours and 73.40 + 07.36 hours with respective 
concentrations of multineem. Application of 0.001%, 0.002%, 0.004% and 
0.006% of achook reduced the longevity of fifth instar larvae as 110.92 + 04.57 
hours, 93.35 + 06.09 hours, 85.25 + 07.29 hours and 81.92 + 06.65 hours, and 
sixth instar larvae to 113.10 + 04.94 hours, 98.25 + 02.36 hours, 92.68 + 05.64 
and 88.58 + 06.78 hours with respective concentration of achook. Results 
obtained show that increase in concentration of both the insecticides reduce the 
larval longevity. But some workers reported that the increase of concentration 
also increases the longevity (Koul, 1984 and Saradamma et al., 1993). Jhansi 
and Singh (1993) reported that in H. armigera treated with Azadirachta indica A. 
Juss total larval longevity ranged from 15 to 45 days on different extracts. 
Similarly, Jeyabalan and Murugan (1997) recorded that larval longevity (days) in 
H. armigera was 12.0 with deacetylnimbin (150 ppm), 12.3 with 17-
hydroxyazadiradione (30 ppm), 12.5 with gedunin (25 ppm), 13.0 with salannin 
(12 ppm) and 13.4 with deacetylgedunin (10 ppm) in comparison to 11 days 
(control). 
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Impact of various concentrations (0.01%, 0.025%, 0.05% and 0.08%) of 
multineem on the different aspects of adult longevity varied from 145.92 + 04.66 
to 110.87 + 04.32 hours (mated male), 158.63 + 06.70 to 128.92 + 05.20 hours 
(mated female), 133.97 + 04.40 to 107.58 + 06.47 hours (unmated male) and 
155.68 + 04.27 to 125.02 + 04.24 hours (unmated female). Similarly, significant 
reduction in adult longevity was obtained with achook treatment (0.001%, 
0.002%, 0.004% and 0.006%) and it varied from 155.97 + 04.87 to 112.53 + 
06.28 hours (mated male), 140.35 + 05.02 to 130.40 + 05.20 hours (mated 
female), 127.92 + 06.64 to 98.02 + 06.36 hours (unmated male) and 146.30 + 
04.65 to 96.25 + 05.91 hours (unmated female). Present observations are in 
conformity with Saradamma ei al. (1993). Murugan et al. (1993) recorded adult 
longevity in Heliothis armigera as 9.81 + 0.285 (days) with 1% NSKE and 7.64 + 
0.447 (days) with 0.5% neem oil. Jeyabalan and Murugan (1997) reported adult 
male and female longevity of H. armigera treated with deacetylnimbin-6.00 and 
7.23 days, with 17-hydroxya7adiradione-5.83 and 7.00 days, with gedunin- 5.51 
and 6.85 days, with salannin 5.00 and 6.23 days and with deacetylgedunin-4.85 
and 5.81 days. 
In the present study neem products not only affected mortality and 
longevity but fecundity as well. Multineem concentrations (0.01%, 0.025%, 
0.05% and 0.08%) and achook (0.001%, 0.002%, 0.004% and 0.006%) greatly 
affected the fecundity which was 609 + 67.25, 556 + 43.02, 363 + 30.73, 304 + 
27.97 and 521 + 81.82, 446 + 103.43, 318 + 19.40, 269 + 43.92 respectively 
with the compared control (1182 + 211.59). Murugan et al. (1993) also reported 
reduced fecundity in various insects as a result of juvenoid application. 
Fagoonee (1981) working with Cricidolomia binatalis reported a 20% reduction in 
egg laying with 2% concentration of the methanolic extract of neem seed kernel. 
Koul (1984) observed that after administration of azadirachtin, Dysdercus 
koeriigii females showed trophocytes damage. Likewise azadirachtin affected 
ovaries in the last instar nymphs of Oncopeltus fasciatus (Dorn et al., 1986) and 
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locusta (Rembold et al., 1987). Decreased fecundity and oocyte development 
could thus be a consequence of impaired vitellogenin synthesis and its uptake 
by the developing oocyte (Ludlum and Sieber, 1988). Ayyanagar and Rao (1989) 
reported that in Spodoptera litura the ovipositional deterrency of hexane extract 
(0.018%) lasted only for four days while in methanol extract it continued for more 
than five days. Saradamma et al. (1993) reported that the fecundity was 
significantly lowered with extracts of Adathoda vesica (5%), Leucas aspera 
(6.72%), A. indica (11.6%), Theratia nerufolia (12.1%) and Nerium oleander 
(12.38%) on D. cingulatus. 
Fertility of eggs laid by treated adult moth of S. obliqua varied from 59.54 
+ 06.55 to 24.70 + 05.38% (multineem) and 50.41 + 09.73 to 19.96 + 03.87% 
(achook) against control (93.15 + 03.54). Neem products caused the production 
of some non-viable eggs. The average fecundity was also higher in control than 
in experimental groups. This finding is in conformity with those of Pandey et al. 
(1987); Murugan et al. (1993) and Saradamma et al. (1993). Neem oil is also 
reported to reduce egg hatching of Callosobruchus spp. (Luca, 1982; Yadava, 
1985 and Ali et al., 1983). Jhansi and Singh (1993) reported that while CHEDK 
and EtoHSHE of different extracts caused substantial mortality of eggs the 
others had little effect in H. armigera. 
Neem products not only affected the reproductive biology of S. obliqua but 
also caused deformed pupae and adults. Multineem and achook were toxic at 
high concentration but showed malformation of pupae-adults intermediates 
which increased at 0.01%, 0.025%, 0.05% and 0.08% (multineem) and 0.001%, 
0.002%, 0.004% and 0.006% (achook) such as 15.02 + 03.30%, 13.84 + 
03.14%, 10.27 + 03.15%, 08.21 + 02.77% and 16.29 + 03.01%, 12.71 + 03.21%, 
11.35 + 02.41%, 09.59 + 01.46% with respective concentrations of insecticides 
against 02.10 + 00.23% (control). The malformed adults were characterized by 
twisted and crumpled wings, shrunken abdomen and in extreme cases, there 
were patches of de-scaled cuticle in abdominal region. Failure of separation of 
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pupal exuviae from adult during metamorphosis was also observed. The 
abnormal adults were found to have shorter life span than normal adult moths. 
These results are similar to those reported in Ephestia kuehniella where 
reproduction of abnormal adults on pupal treatment with azadirachtin was 
reported (Rembold et al., 1980, 1981 & 1982; Sharma et al., 1980) and in S. 
litura (Gujar and Mehrotra, 1983). Similarly growth regulatory type effects have 
been demonstrated for other (epidopterans (Schmutterer, 1990), in Lipaphis 
e/ys/m/(Bhathal and Singh, 1993), in D. cingulatus treated with juvenile hormone 
(Saradamma et al., 1993) and in Archips rosanus with neem insecticide (Ali-
Niazeeefa/., 1997). 
In the present study S. obliqua treated with multineem and achook greatly 
affected and considerably reduced pre-oviposition, oviposition and post-
oviposition period. Lower concentrations of both insecticides were less effective, 
but higher concentrations produced significant results. Although such studies 
have not been conducted so far, but the biological parameters are broadly in 
agreement with those of Murugan et al. (1993) in Heliottiis armigera, Jeyabalan 
and Murugan (1997) in Helicoverpa armigera. 
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5. SUMMARY 
1. Two commercial neem products (Multin|sem 8 EC and Achook 0.15 EC) were 
evaluated by spray method with different concentrations i.e., 0.01%, 0.025%, 
0.05%, 0.08% and 0.001%, 0.002%, 0.004%, 0.006% respectively on castor 
leaves for their biological activity against Spilosoma obliqua Walker. 
2. Multineem was quite toxic, but achook proved to be more effective when 
compared to the control against different aspects of biology of S. obliqua in 
the laboratory. 
3. The observations on mortality, longevity of larvae & adults, adult emergence, 
fertility and fecundity pupal and adult malformation and unhatched pupa, pre-
oviposition, oviposition and post-oviposition etc., have been presented. 
Multineem treated 
4. Different concentration of 0.01%, 0.025%, 0.05% and 0.08% multineem were 
used with castor leaves against two days old fifth instar larvae upto the 
beginning of pre-pupal stage. 
5. The total average mortality of fifth & sixth instar larvae was 25.48, 40.93, 
53.71 and 61.43% against respective concentrations, the last two 
concentrations 0.05 & 0.08% were more effective than the 0.01 & 0.025%, 
when compared with the control (07.10). 
6. The fifth instar larva reduced longevity as 116.15 + 04.11, 97.20 + 04.88, 
89.07+ 06.13 & 76.20 + 06.40 hours were obtained against respective 
concentrations when compared with the control (139.30 + 06.86). 
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7. The sixth instar larval longevity was adversely affect being 111.35 + 05.05, 
94.53 + 06.26, 88.30 + 05.92 & 73.40 + 07.36 hours against respective 
treatment when compared with the control (131.68 + 04.06). 
8. Mated & unmated adult longevity were affected and considerably reduced as 
compared to control. The higher concentration proved highly effective and 
gave significant results compared to lower concentrations. 
9. Multineem treated adult moth laid average of 609 + 67.25, 556 + 43.02, 363 
+ 30.73 & 304 + 27.97 eggs with the respective concentrations when 
compared with the control (1182 + 211.59). 
10. The average fertility was 59.54 + 06.55, 42.12 + 04.77. 36.94 + 05.92 and 
24.70 + 05.38% against respective concentrations when compared with the 
control (93.15+ 03.54). 
11. Malformed adults emerged from treated larvae were 15.02 + 03.30, 13.84 + 
03.14, 10.27 + 03.15 and 08.21 + 02.77% by respective concentrations when 
compared with the control (02.10 + 00.23). 
12. Pupal longevity was increased but all doses were insignificant. However, 
longevity was 296.02 + 12.21, 319.58 + 11.32, 348.53 + 12.78 and 357.87 + 
0.74 hours against respective concentrations. When compared with the 
control (294.63 + 09.82). 
13. The adult emergence was 41.25 + 05.38, 25.92 + 03.59, 21.87 + 04.31 & 
15.26 + 02.22% against respective concentrations. The results found were 
significant when compared with the control (87.31 + 03.58). 
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14. The pre-oviposition period decreased to 24.35 + 03.64, 15.20 + 03.79, 11.63 
+ 01.26 & 09.30 + 02.00 hours respectively when compared with the control 
(26.20 + 02.64). 
15. The greater effects were noticed on the oviposition period. All doses 
reduced the oviposition period which was 91.73 + 04.10, 84.92 + 03.89, 
74.58 + 02.87 and 68.53 + 03.06 hours by respective concentrations when 
compared to control (98.02 + 03.85). 
16. Post-oviposition period was also decreased to 32.20 + 02.58, 27.58 + 03.25, 
26.73 + 02.92 & 17.43 + 03.33 hours by the respective concentrations when 
compared to control (38.35 + 02.61). 
Achook Treated 
17. In the present study, effect of application of different concentrations of 
Achook 0.15 EC viz., 0.001%, 0.002%, 0.004% and 0.006% was studied. 
18. The total larval motility of fifth & sixth instar treated with different selected 
concentrations of achook were recorded as 27.85, 41.53, 49.49 and 54.37% 
respectively, which are significant when compared with the control (07.10). 
19. The fifth instar larval duration was considerably reduced, 110.92 + 04.57, 
93.35 + 06.09, 85.25 + 07.29 and 81.92 + 06.65 hours with respective 
concentration when compared with control (139.30 + 06.86). Also highly 
reduced sixth instar larval longevity as 113.10 + 04.94, 98.25 + 02.36, 92.68 
+ 05.64 and 88.58 + 06.78 hours respectively as compared to control (131.68 
+ 04.06). 
20. Longevity of mated & unmated adult moth emerged from treated larvae with 
different concentrations of achook was considerably reduced. The higher 
concentrations proved statistically significant as compared to the control. 
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21. The fecundity of emerged female from treated larvae was reduced as 521 + 
81.82, 446 + 103.45, 318 + 19.40 and 269 + 43.92 eggs when compared with 
the control (1182+ 211.59). 
22. The average fertility was reduced as 50.41 + 09.73, 30.23 + 06.19, 21.71 + 
04.93 and 16.96 + 03.87 with respective treatments when compared with the 
control (93.15+ 03.54). 
23. Malformed adult percentage was increased as 16.29 + 03.01, 12.71 + 03.21, 
11.35 + 02.41 and 09.59 + 01.46% respectively as compared with the control 
(02.10 + 00.23). 
24. The pupal longevity was gradually increased to 312.20 + 13.67, 321.35 + 
18.05, 337.53 + 08.72 and 362.30 + 10.88 hours, with respective 
concentrations when compared with the control (294.63 + 09.82). 
25. The adult emergence was affected and was found to decrease i.e. 36.25 + 
02.62, 23.43 + 03.35, 19.45 + 02.28 and 12.44 + 02.89% with respective 
doses. All the doses including the lowest dose had influenced the adult 
emergence when compared to the control (87.31 + 03.58). 
26. Pre-oviposition, oviposition and post-oviposition period was greatly reduced. 
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Fig. 119 : Showing the Larval IVIortality of S. obliqua treated with 
IVIultineem 8 EC 
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Fig. 120 : Showing the Larval Mortality of S. obliqua treated with 
Achook0.15 EC 
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Fig. 121 : Showing the Larval Longevity of S. obliqua treated with 
IVIultineem 8 EC 
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Fig. 122 : Showing the Larval Longevity of S. obliqua treated 
with Achook 0.15 EC 
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Fig. 123 : Showing the Mated Adult Longevity oS. obliqua 
treated with Multineem 8 EC 
«« 
> 
C 
o 
T3 
< 
Q) 
- I — ' 
05 
DMale [Female 
0 01 0 025 0 05 
Concentration (%) 
0 08 
Fig. 124 : Showing the Unmated Adult Longevity of S. 
obliqua treated with Multineem 8 EC 
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Fig. 125 : Showing the Mated Adult Longevity of S. obliqua 
treated with Achook 0.15 EC 
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Fig. 126 : Showing the Unmated Adult Longevity of S. obliqua 
treated with Achook 0.15 EC 
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Fig. 127 : Showing the Fecundity & Pupal Longevity of S. obliqua 
treated with Multineem 8 EC 
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Fig. 128 : Showing the Fecundity, Pupal Longevity of S. 
obliqua treated with Achook 0.15 EC 
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Fig. 129 : Showing the Fertility, IVIalformation & Unhatched 
Pupae of S. obliqua treated with Multineem 8 EC 
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Fig. 130 : Showing the Fertility, Malformation & Unhatched Pupa 
of S. obliqua treated with Achook 0.15 EC 
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Fig. 131 : Showing the Adult emergence, Pre-cviposition, Oviposition & 
Post-oviposition period of S. obliqua treated with Multineem 8 EC 
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Fig. 132 : Showing the Adult Emergence, Pre-oviposition, Oviposition 
& Post-oviposition period of S, obliqua treated with Achook 0.15 EC 
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PART - C. MORPHOLOGY AND HISTOLOGY OF MALE AND 
FEMALE REPRODUCTIVE ORGANS 
1. INTRODUCTION 
Reproductive system in insects is well organized and is concerned with 
the succession of generation. Many of the activities of the organism must be 
correlated with reproductive function (Snodgrass, 1935). The form and structure 
of reproductive organs present a very wide range of variation in different insects 
(Imms, 1977). The class 'Insecta' is a diverse group and in no other system is 
this diversity more strikingly revealed as in the reproductive system which makes 
them better adapted towards their environment. 
Insects possess great power of multiplication and develop very rapidly. A 
good majority of insects reproduce sexually. In most sexually reproducing 
insects, the female's energetic investment in the next generation is greater than 
that of the male is because she must produce and deposit numerous, relatively 
large, eggs (Thornhill and Alcock, 1983). In some species males are not known 
to exist and in such cases reproduction is brought about by parthenogenesis. 
The majority of insects are oviparous and the entire development of the fertilized 
eggs occurs outside the body of the female. Viviparity is also noted among 
insects of several orders, their eggs or the larvae, being retained within the 
female's body where they complete a part or all of their development. 
The reproductive organs differ from all the other organs of the body in that 
their functions do not contribute primarily to the welfare of the individual, of 
which they are a part; their chief concern lies in the perpetuation of generation. 
The reproductive system of insects is a complex of organs derived from three 
anatomical sources. Its parts, therefore, may be classed in three morphological 
groups as follows : (i) primary internal mesodermal organs (ii) secondary 
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ectodermal parts, produced from invaginations of the body wall, forming the 
usual exit apparatus; and (iii) external appendicular derivatives of the 
integument. 
For convenience the whole complex of reproductive system may be 
divided into internal and external genitalia. The internal genitalia are composed 
of primary mesodermal organs and secondary ectodermal organs derived from 
invagination of the body wall. It is meant for the production of germ cells, to 
provide for their nutrition and give passage for their expulsion. The external 
genitalia consist of external appendicular structures, which help in copulation 
and oviposition. 
Although the importance of reprodudtive organs as the basic taxonomic 
characters has been realised (Spradbery & Sands, 1976) but due to the 
existence of a number of lacunae in our present knowledge on their vital organs, 
it has not been possible to make use of them in several Orders of insects. 
Among lepidoptera, several families include a large number of insect 
pests of agricultural importance. As such morphological studies substantiated by 
histological observations of the reproductive organs of S. obliqua present a wide 
scope for the control of this insect and other related pests. The transmission and 
movement of sperm through the reproductive tracts of lepidoptera has not been 
previously studied. Musgrave (1937) in an excellent study described the 
histology of reproductive organs of the male and female of Anagasta kuhniella 
(Zeller) and Weidner (1934) presented histological treatment of portions of the 
female reproductive tracts of several species of lepidoptera. Ruckes (1919), 
Eidmann (1929 & 1931) and Hewer (1932, 1934) have all contributed 
histological work on the reproductive tracts of members of this order. 
The Bihar hairy caterpillar, Spilosoma obliqua Walker, a major pest of 
agricultural crops has been selected for the present study. The observations 
include histomorphology, histopathology and histology of the reproductive 
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system of both the sexes. The results of the present study may prove to be of 
immense help towards understanding the structure of reproductive organs in 
both the sexes, which is likely to provide basis for further research. 
2. OBSERVATION & RESULTS 
2.1. MALE REPRODUCTIVE ORGANS 
The testes may lie above or below the gut in the abdomen and are 
generally placed close to the mid-line. The male reproductive system of the S. 
obliqua consists of usual components of two completely fused testes, a pair of 
vasa deferentia, a pair of seminal vesicles, a pair of accessory glands and 
unpaired ejaculatory duct. 
The testes (Tes) are unified into a single globular mass, which represents 
the condition of 'complete fusion' of the gonads as has been recorded in higher 
lepidoptera. Each testis gives out from the ventral side a pair of vasa deferentia 
(vd), which opens into the corresponding seminal vesicle (Vsm). The latter is 
continued further by a narrow seminal duct (Sd) which opens into the reservoir of 
accessory gland (ResAcGI). The accessory glands (AcGI) consist of a pair of 
long narrow convoluted tubes, which basically dilate to form the reservoirs. The 
latter converge posteriorly to open into the common duct of the accessory glands 
(CdAcGI). This duct is large and highly convoluted and ends into the ejaculatory 
duct (Dej) which subsequently enters into the aedeagus (Aed)as endophallus to 
open at the apex of the invaginated endophallus. 
2.1.1. Testes (Tes) (Plate-V, Fig. 17 to 20) 
In a freshly killed moth the two testes in fused condition form a spherical 
body which is usually pink, often brown in colour. It is enclosed in a peritoneal 
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sheath (Psh) and lies dorsally over the alimentary canal (Ac) in the fifth 
abdominal segment. Fine branches of testicular trachea externally wrap the 
testes. 
Histology of Testes (Plate-V, Fig. 19 & 20) 
The testis is surrounded by outer capsular and inner testicular tube coat. 
The shape of the nuclei (Nu) varies in different layers. The inner coat extends 
into the testis as partitioning walls (PtW) or septa, so as to form testicular 
follicles. Each follicle (Fol) contains different stages of sperms. Several 
spermatogonia (Spg) are grouped together and form sperm-cyst. Mature 
spermatozoa (Spz), which originate from sperm-cyst (Cst) form a bundle. In 
freshly emerged unmated moth, the cysts of different stages of spermatogenesis 
could be observed. The mature sperm-cyst is somewhat elongated and all the 
heads in a cyst are arranged parallel to each other to form a bundle. 
The walls of the follicles consist of a thin epithelium (Epth) resting on a 
basement membrane (BMb) and in some cases the epithelium consists of two 
layers of cells (Snodgrass, 1935). The follicles are bound together by a 
peritoneal sheath (Psh). 
2.1.2. Vasa defferens and seminal vesicle (Plate-V, Fig. 18) 
The two short vasa deferentia (vd) arise separately by broad base from 
the ventral surface of the testes and gradually become narrow. Each vasa 
deferens descends dorso-ventrally, thus flanking the mid-gut from sides. These 
open separately into the seminal vesicle (Vsm). The outermost layer of the 
seminal vesicle is the peritoneum, which is a continuation of the peritoneum of 
the vasa deferens. 
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2.1.3. Reservoir of Accessory Glands (ResAcGI) (Plate-V, Fig. 18) 
There is a pair of long and highly convoluted tubular accessory glands. 
The two glands adhere to each other through the connecting tracheae. Each 
gland is of uniform width and is apically somewhat broad at the base and 
gradually tapers to end blindly. The gland opens into a wide tubular reservoir 
gland (ResGI). The latter converge posteriorly to open into the common duct of 
the accessory gland (CdAcGI) which is a long, highly convoluted tube opening 
into the ejaculatory duct (Dej). 
The common duct of the accessory gland (CdAcGI) functions as a 
passage for the descent of sperms and is also secretory in nature. On the basis 
of different secretions this duct may be conveniently divided into four portions 
which are separated from each other by distinct constrictions. The reactions of 
their secretions to the stains (Haematoxylin with eosin as counter stain) have 
been taken as criteria for subdividing the common duct of the accessory gland 
into four portions as : the first longest portion, separable from the reservoir by a 
distinct constriction, the second portion is sub-equal to the first. The third portion 
is the shortest and the fourth is longer than the third and opens posteriorly into 
the ejaculatory duct (Dej). 
2.1.4. Ejaculatory duct (Dej) (Plate-V, Fig. 18) 
The short unpaired ejaculatory duct is convoluted and measures about 
one third of the length of common duct of the accessory glands. Anteriorly, it 
communicates with the end of common duct of the accessory gland, while 
posteriorly it opens into the aedeagus to open at the apex of the endophailus 
through the gonopore. The entire ejaculatory duct is enveloped by a thin 
peritoneum, which is fairly loose in the region of aedeagus. The ejaculatory duct, 
which leads into the aedeagus, is ectodermal in origin and is lined with intima. 
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2.2. FEMALE REPRODUCTIVE ORGANS 
The female reproductive system consists of a pair of ovaries, paired 
lateral oviduct, and unpaired common oviduct (Ode), unpaired spermatheca and 
a pair of accessory glands (AcGI). Each ovary consists of four ovarioles (OvI) 
followed by two lateral ducts (OdI), which unite to form the common oviduct 
(Ode). The oviduct opens posteriorly into a genital chamber. The genital 
chamber may form a tube, the vagina, and this is often developed to form a 
bursa copulatarix for reception of the endophallus. Opening into the genital 
chamber or the vagina there is a spermatheca for the storage of sperm, and 
frequently a pair of accessory glands. The ovaries are the largest organs in the 
abdomen and occupy most of the cavity. 
S. obliqua is a distinct example of Dytrisia possessing independent 
openings of bursa copulatrix (Bcpx) and of the vagina (Vag). The latter 
communicates with the exterior in the fused ninth and tenth segment through the 
oviporous. The bursal orifice (bo) leads into a short bursal duct (bd). A narrow 
seminal duct (Sd), arising from the bursal duct, opens ventrally into the anterior 
end of the vagina. The unpaired spermatheca (Spt) with its tubular gland (SptGI) 
and a pair of accessory glands (AcGI) complete the female reproductive organs. 
2.2.1. Ovary (Ov) (Plate-IV, Fig. 13 & 14) 
The ovaries lie in the abdomen above or lateral to the gut. Each ovary 
consists of a number of egg-tubes (ovarioles), comparable with the testis 
follicles in the male. Development of the oocytes takes place in the ovarioles. 
The two ovaries, long and conspicuous, are placed dorso-laterally to the 
digestive tract from seventh to second abdominal segments. When fully mature, 
these occupy the major portion of the visceral sinus. Each ovary consists of four 
very long and coiled ovarioles which are held together by fine branches of 
tracheae and fat bodies. The developing eggs are semi-translucent and become 
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yellowish when mature. Each ovariole is divisible into an apical germarium (Grm) 
and a long convoluted, beaded vitellarium (Vtl.). 
2.2.2. Ovariole (OvI) (Plate-IV, Fig. 13 to 16) 
Each ovariole is divisible into two regions, the apical germarium and the 
long beaded vitellarium (Vtl), which forms the major portion of the ovariole. The 
ovariole is externally covered over by a thin smooth non-nucleated peritoneal 
layer (PI) and is filled up with a mass of primordial germ cells (Grs). 
The germanium is followed by the conspicuously beaded vitellarium. The 
beads are the follicles (egg chambers) which become bigger towards the end of 
the oviduct. The germ cells develop into oocytes (Ooc), nurse cells (Nrc) and the 
follicular cells (Fc). The follicles (egg chambers) become bigger in apico basal 
direction. Each follicle contains a posterioly placed oocyte (Ooc) and anteriorly 
placed nurse cells (Nrc). This type of arrangement gives 'polytrophic' condition 
to the ovary. 
In the vitellarium (Vtl), the peritoneal layer (PI) is followed by a distinct 
syncytial epithelium (Septh) having finely granulated cytoplasm and small nuclei. 
The follicular epithelium is demarcated from the syncytial epithelium (Epth) 
enclosing the oocyte (Ooc) which consists of distinct columnar cells having large 
nuclei and granulated cytoplasm. The epithelium (Epth) around the nurse cells 
(Nrc) however undergoes gradual disintegration and finally loose its cellular 
nature. The epithelium of the follicle extends in the form of incomplete septum 
between the oocyte and nurse cells leaving a conspicuous communicating 
passage between the two chambers. Each oocyte (Ooc) is more or less 
spherical in shape and filled with yolk (Ylk). Its rounded nucleus (Nu) is least 
granulated. A structure less chorion (Ch) is secreted by the follicular epithelium 
around the fully developed oocyte. The nutritive cells are large and irregular in 
shape having densely granulated and large nuclei. Each ovariole communicates 
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with the paired oviduct of its side by a short pedicel (Pe). The wall of pedicel is 
composed of a conspicuously thickened epithelium thrown into folds. 
2.2.3. Lateral oviduct (OdI) (Plate-IV, Fig. 13 & 14) 
The four ovarioles of each side unite basally to form the short lateral 
oviduct (OdI) which converge to open into the short common oviduct (Ode). The 
muscle layer is followed by convoluted epithelium (Epth) of the lateral oviduct, 
which consists of cuboidal cells having very faint boundaries, but their nuclei 
(Nu) are distinct. Both the nuclei and the cytoplasm are densely granulated. 
2.2.4. Common oviduct (Ode) (Plate-IV, Fig. 13 & 14) 
The common oviduct is a short, straight tube connecting the lateral 
oviducts with the anterior end of the vagina. The histological details of the 
common oviduct are almost similar to that of the lateral oviduct, with the 
difference that its lumen is comparatively reduced. 
2.2.5. Vagina (Vag) (Plate-IV, Fig. 13 & 14) 
The common oviduct opens through the gonopore into the tubular vagina 
of almost uniform diameter, which communicates with the exterior through the 
oviporous (Opr). The opening of the spermatotheca (Spt) anatomically marks its 
anterior limit. Similarly, the opening of the accessory glands (AcGI) externally 
represents the posterior limit. 
2.2.6. Spermatotheca (Spt) (Plate-IV, Fig. 13 & 14) 
The spermatotheca is broadly tubular in shape. It is distinguished into a 
spermatothical gland reservoir (SptR) and a spermatothical gland (SptGI). The 
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latter opens into the vagina (Vag). The spermatothical gland lies coiled among 
the female reproductive organs. The reservoir of the spermatotheca (SptR) is 
somewhat oval and sac-like structure. It is connected with vagina (Vag) through 
a coiled spermatothical duct (SptD). Before opening into the vagina the 
spermatothical gland (SptGI), gets dilated to form a distinct reservoir. The lumen 
is narrow and is lined with a prominent wavery chitinous intima. 
2.2.7. Bursa copulatrix (Bcpx) (Plate-IV, Fig. 13 & 14) 
The bursa copulatrix is a fairly large sac-like structure leading to the 
exterior through the bursal duct (bd) at the bursal orifice (bo) and extends into 
the visceral sinus under the digestive tract and extending up to the fourth 
abdominal segment. It is distinguishable into a bursal sac (bs) and a bursal duct 
(bd) through which it opens to the exterior at the bursal orifice (bo). A narrow 
highly convoluted ductus seminalis (Sd) connects the bursal duct with the 
vagina. The bursal duct (bd) is curved and dorso-ventrally flattened. It opens at 
one end into the bursal sac while at the other end it communicates with the 
exterior through the bursal orifice. 
2.2.8. Seminal duct (Sd) (Plate-IV, Fig. 13 & 14) 
This narrow duct (Sd) connects the bursal duct with the vagina. The 
proximal half of the seminal duct is comparatively broader than its distal half. 
2.2.9. Accessory glands (AcGI) (Plate-IV, Fig. 13 & 14) 
The paired accessory glands (AcGi) are long, tubular and convoluted 
structure located in the posterior region of the visceral sinus. Each gland opens 
into a pear-shaped transparent reservoir. The latter, laying dorsal to the rectum 
tapers to unite with its counterparts of the other side of the duct of the accessory 
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gland, which is much broader than the gland to form a small common reservoir. 
The latter opens into the vagina through a short and narrow common duct (Ode). 
The fused portion is now drawn out into a short, narrow duct of the accessory 
gland. The fluid discharge of the gland is transparent and is used for gluing the 
eggs on to the substratum. 
2.2.10. Ovariole sheath (Plate-IV, Fig. 13 & 14) 
Cellular sheaths from the tips of the terminal filament (TF) to the base of 
the pedicel enclose each ovariole. These can be easily distinguished by the 
different shaped nuclei. As the oocyte develops this sheath gets stretched 
considerably and is very difficult to differentiate unless the oocyte and sheath 
are separated. However, the presence of nuclei indicates its existence. 
2.2.11. Vitellarium (Vtl) (Plate-IV, Fig. 13 & 14) 
The major part of the ovariole, is formed of the vitellarium, which has 
oocytes arranged in a single or more row in various stages of their development. 
Each of these oocytes is surrounded by follicular epithelium. Distinct shelves 
formed by intercellular tissue separate the oocytes from each other. 
2.2.12. Terminal Filament (TF) (Plate-IV, Fig-13 & 14) 
The apically placed terminal filament of the ovariole consists of irregularly 
arranged round cells with well-defined boundaries. These are separated from 
the contents of the germarium through a basal septum. 
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3. DISCUSSION 
Male Reproductive Organs 
There are certain structural differences in the reproductive organs of 
Spilosoma obliqua as compared to those of other lepidopterans. General 
morphology of male reproductive system and histology of testis of S. obliqua, 
show some basic similarities with other lepidopteran insects (Swart, 1966; Davis, 
1968; Fatziger 1970; Beals & Berberet 1976). The most conspicuous organ of 
the male genital system is the bright brown testes which are fused together to 
give it a spherical shape. Cholodkovsky (1884) listed four types of lepidopteran 
testes : Type 'A' found in the genus Hepialus, where the testes are completely 
separated and four-lobed; type 'B' as in the genus Saturnia, in which they are 
completely separated but rounded and three-lobed; type 'C where the testes are 
lodged in a single scrotum and type 'D' where both testes are so closely united 
that they appear to be round organ, as in the genus Pieris. The enclosing 
peritoneal sheath, which is structure less and transparent, surrounds the testes. 
Ruckes (1919) in Lepidoptera finds a similar layer over the entire reproductive 
system and considered it to have formed from the fused walls of the tracheal 
cells, the 'tracheal membrane'. However, Srivastava (1960) in Leucinodes 
orbonalis and Mathur (1966) in Utetheisa pulchella did not report any such layer. 
Although Cholodkovsky (1884) and Demokidoff (1902) did not record the 
presence of tracheoles in the follicular epithelium but Ruckes (1919) observed 
them in a number of lepidopterous insects. 
The peritoneum is followed by two distinct cytoplasmic layers which are 
called inner and outer epithelium a view shared with Mathur (1966) in U. 
pulchella. However, Murad (1969) reported the outer epithelium of Spodoptera 
mauritia, as a thin syncytial layer with oval nuclei having thick chromatin 
granules. The nuclei are oval and scattered under no definite plan. Ruckes 
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(1919) calls such outer epithelial layer in lepidoptera as 'capsular coat' 
consisting of single row of distinct cuboidal cells with spongy and granular 
cytoplasm. Alam (1953) in Stenobracon deesae has described the outer 
epithelium as thin and non-nucleated comparable with the 'outer tunica' of 
Diptera. Akbar (1958) in Leptocorisa varicornis has also reported the presence 
of an outer epithelium containing pigment granules. The inner epithelium is also 
syncytial and as thick as the outer epithelium. Its oval and granulated nuclei are 
less numerous. The epithelial layer is easily detectable with the presence of pink 
and brown pigments, which give dark brown colour to the testes. Musgrave 
(1937) reports similar syncytial inner layer in Ephestia kuhniella. Ruckes (1919) 
in lepidoptera calls such pigmented layer as the 'testicular tube coat' and 
suggests that the cells may be separated from one another by larger inter-
cellular spaces containing cytoplasmic ramifications. Srivastava (1960) in L 
orbonalis calls the inner epithelium as the 'inner cellular layer' consisting of 
strongly pigmented flat cells with rounded nuclei. Alam (1953) and Akber (1958) 
in S. deesae and L. varicornis respectively have recorded syncytial inner 
epithelium. The inner epithelium is continued for short distance into the testicular 
lumen in the form of seven filamentous septa, which divide the testes into eight 
incomplete testicular follicles. Each septum is fairly thick at the base and 
gradually thins out. 
In most insect, the vasa deferentia is formed of a narrow tube and an 
enlarged seminal vesicle (Snodgrass, 1935; Imms, 1964 and Wigglesworth, 
1965) and those of meloids have been assumed to fill this pattern (Gupta, 1965, 
1966a, 1966b & 1967) and in L nutialis (Gerber et a!., 1971). In S. obliqua, the 
relatively narrow part of the vas deferens next to the testes is the seminal 
vesicle, followed by an enlarged section leading to the base of the common 
accessory gland. The two short vasa deferentia arise separately by broad base 
from the ventral surface of the testes, gradually becoming narrow. However, 
Mathur (1967) reported it to originate broadly from the deep folds on the ventral 
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side of the testes, contrary to the position recorded in Ephestia and Plodia Norris 
(1932), Gallaria mellonella Rakshpal (1944) and L. orbonalis Srivastava (1960). 
The seminal vesicle opens into the reservoir of the accessory gland by a narrow 
tubular duct as demonstrated by Murad (1969) in S. mauritia. The opening of the 
seminal duct directly into the reservoir of the accessory gland may be a novel 
feature in lepidoptera : but it does occur in other higher insect as demonstrated 
by Alam (1953) in S. deesae. There may be no enlargement of the vas deferens 
before entering the ductus ejacuiatorlous duplex, as in Rheumaptera hastata (L) 
(Werner, 1977). 
The fairly elongated ejaculatory duct leading to the aedeagus is 
ectodermal in origin and is lined with cuticle. At-least a part of the wall of 
ejaculatory duct is muscular, but the same in Apis is reported to be without 
muscles (Snodgrass, 1956). The ejaculatory duct of Oncopeltus is also 
externally complex, being specialized for the erection of the penis (Bonhay and 
Wick 1953). The ductus ejacuiatorlous simplex in lepidoptera was shown by 
Ruckes (1919) to contain internal lining throughout its length. This portion 
corresponds to the combined form of the common duct of accessory glands and 
the ejaculatory duct of S. obliqua. Srivastava (1960) in L. orbaonalis also showed 
one long ejaculatory duct with internal lining confined to its distal end only, which 
he called 'muscular chitenous region of the unpaired ejaculatory duct'. It can be 
compared with the ejaculatory duct of S. obliqua. The non-muscular glandular 
region of the ejaculatory duct was also shown as part of the ejaculatory duct in L. 
orbanalis. (Gupta, 1965, 1966a, 1966b & 1967) considered the expanded region 
at the anterior end of the ejaculatory duct to be morphologically, part of the duct 
in the family Meloidae. Norris (1932) in E. I<uliniella and P. interpunctella and 
Musgrave (1937) in E. I<uhniella have shown a short 'ductus ejaculatoris' which 
can be compared with the ejaculatory duct of S. obliqua. Such end-to-end 
relationship of these glands is not in consonance with the general mode of 
opening of the glands in the ejaculatory duct (independent communication with 
111 
vybieri/ation and l\eiu(ti 
the ejaculatory duct or| through a common duct). Zacharuk (1958) however, held 
the view that the ejaculatory duct is the only ectodermal part of the male internal 
reproductive system iq the elaterid Ctenicera aerpinnis destructor. 
The present stiidy on S. obliqua, therefore, holds the views that the entire 
structure is common duct of accessory glands secondarily equipped with 
secretory function. Th^ paired accessory glands are highly convoluted and open 
into a wide tubular reservoir, which converge posteriorly to open into the 
common duct. However, in Boarmia selenaria, the accessory glands are not 
closely united (Scheeibens, 1986). They are joined together by connective tissue 
and small tracheae (Qallahan and Chapin, 1960; Fatziger, 1970; Outram, 1971 
and Werner, 1977). Imms (1964) has emphasized that this classification of 
accessory glands should be taken with reservation. Three pairs of male 
accessory glands, have been reported in most Meloids (Gupta, 1965, 1966a, 
1966b, 1967 and Gerber et al., 1971). The common duct of the accessory gland 
functions as a passage for the descent of sperms but is also secretory in nature. 
Studies by Callahan (1958), Callahan and Chapin (1960), Callahan and Cascio 
(1963) on several species of moth suggest that sperm bundles move from the 
testes down the vas deferens into the ductus ejaculatorius duplex, where they 
are incorporated in the secretions of the ductus ejaculatorius duplex and 
accessory glands. 
Female Reproductive Organs 
The number of ovarioles is roughly constant within a species, although in 
locusts it is reported to become affected by the breeding environment of the 
parental population. Thus, Schistocerca reared from parents bred in a crowd 
have an average of 96 ovarioles in the two ovaries, while others bred in isolation 
have about 116 ovarioles (Uvarav, 1966). Present study reveals that each ovary 
contains 4 ovarioles. Similarly Tedders and Calcote (1967) recorded 4 ovarioles 
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in Laspeyresia caryana. Bansal and Murad (1987) in Chrysomya megacephala 
have recorded 100-110 ovarioles, and Spradbery & Sands (1976) in C. bezziana 
70-115 ovarioles in wild flies and 50-91 ovarioles in laboratory reared flies. 
Each ovariole is functionally identifiable into an apical germarium and a 
long, convoluted, beaded vitellarium. The terminal filament is however not 
traceable, consequently there is no suspensory ligament. However, Callahan 
and Chapjn (1960) in Agrotis ypsilon, Murad (1969) in S. mauritia and Mathur 
(1977) in U. pulchella also do not record suspensory ligament. 
However, two to three follicles are present in Culicidae (Clements, 1963), 
five follicles are evident in Haematobia irritans (L) (Schmidt, 1972), Stomoxys 
calcitrans L (Scholl, 1980). Tabanid species, Hybomitria illota Ostem-Sacken and 
H. frontalis, had two and three distinguishable follicles, respectively (Thomas, 
1972), two follicles per ovariole are found in Tabanus abacto (Perich et al., 
1985). 
The proximal half of the seminal duct is comparatively broader than its 
distal half from the middle of the duct with a small diverticulum in E kuhniella 
and P. interpuntella (Norris, 1932). No such structure has been reported 
(Srivastava, 1960) in L. orbonalis. The outermost layer of the lateral oviduct is 
the thick longitudinal muscle layer followed by circular muscle layer. A similar 
arrangement of the muscular is reported in L. varicornis (Akbar, 1958) while a 
reverse condition exists in Leucinodes orbonalis (Srivastava, 1960). Allman 
(1930) in C. pomonella, and Alam (1953) in S. deesae recorded only the circular 
muscle layer in their respective insect of study. Malouf (1933) and Snodgrass 
(1956) in Nezara viridula and the honeybee, respectively, have shown 
longitudinal muscle layer only. In L. orbonalis (Srivastava, 1960) the epithelium 
of lateral oviduct is similar to that of S. obliqua. However, Musgrave (1937) has 
shown the basement membrane as indistinct. The common oviduct is a short, 
straight tube connecting the lateral oviducts with the anterior end of the vagina. 
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The spermatothecal gland lies coiled among the ovarioles. The number 
and form of spermatothecae is however, subject to considerable variation. 
Similarly single and tubular spermatotheaca is found in L caryana (Tedders & 
Calcote 1967). Bansal and Murad (1987) in C. megacephala have observed 
rounded spermatothecae. The presence of 3 spermatothecae has also been 
recorded in Lucilia cuprina (Clift and McDonald, 1973), C. bezziana (Spradbery 
and Sands, 1976), and Physiphora aenea (Sareen and Kaur, 1982). 
The reservoir of the spermatotheca is somewhat oval and sac-like 
structure. It is connected with vagina through a coiled spermatothical duct. Before 
opening into the vagina the spermatothical duct is dilated to form a distinct 
reservoir on the basis of opening of the spermatothecal duct, Williams (1941) 
listed three classes of Lepidoptera : Class A. having the aperture of the 
spermatophore placed in direct contact with the seminal duct; class B, having a 
large secretion-filled reservoir between the aperture of the spermatophore and 
the seminal duct; and class C, which includes a few primitive families, species of 
which have no seminal duct and only one external opening instead of two as is 
typical of most lepidoptera. 
The bursa copulatrix is a fairly large saclike structure opening to the 
exterior though the bursal duct as also reported in S. mauritia (Murad, 1969). 
The bursa copulatrix is the largest and most conspicuous organ in the female 
insect as has been recorded in H. zea by Callahan (1958). 
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4. SUMMARY 
Male Reproductive organs 
1. The male reproductive system of S. obliqua consists of usual components of 
two completely fused testes, a pair of vasa deferentia, a pair of seminal 
vesicles, a pair of accessory glands and unpaired ejaculatory duct. 
2. Each testis gives out from the ventral side a pair of vasa deferentia which 
open into the corresponding seminal vesicle. 
3. The accessory glands consist of a pair of long narrow and highly convoluted 
tubes, which basically dilate to form the reservoirs. The latter converge 
posteriorly to open into the common duct of the accessory glands. This duct 
is large and highly convoluted and ends into the ejaculatory duct, which 
subsequently enters into the aedeagus as endophallus. 
4. The testis is surrounded by outer capsular and inner testicular tube coat. The 
shape of the nuclei varies in different layers. The inner coat extends into the 
testis as partitioning walls or septa, so as to form testicular follicles. Each 
follicle contains different developmental stages of sperm. 
5. The mature sperm-cyst is somewhat elongated and the heads of sperm are 
arranged parallel to each other to form a bundle. 
6. The two short vasa deferentia arise separately by broad base from the 
ventral surface of the testes and gradually become narrow. Each vasa 
deferens descends dorso-ventrally, thus flanking the mid-gut from sides. 
These open separately into the seminal vesicle. 
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7. The entire ejaculatory duct is enveloped by a thin peritoneum, which is fairly 
loose in the region of aedeagus. The ejaculatory duct, which leads into the 
aedeagus, is ectodermal in origin and is lined with intima. 
Female Reproductive organs 
8. The female reproductive system consists of a pair of ovaries, paired lateral 
oviduct, unpaired common oviduct, unpaired spermatotheca and a pair of 
accessory glands. 
9. Each ovary consists of four ovarioles followed by two lateral ducts, which 
unite to form the common oviduct. 
10. Each ovariole is divisible into an apical germarium and a long convoluted, 
beaded like vitellarium. 
11. The germ cells develop into oocytes, nurse cells and the follicle cells. Each 
follicle contains a posterioly placed oocyte and anteriorly placed nurse cell. 
12. The epithelium of the follicle extends in the form of incomplete septum 
between the oocyte and nurse cells leaving a conspicuous communicating 
passage between the two chambers. 
13. Each oocyte is more or less spherical in shape and filled with yolk. Its 
rounded nucleus is lightly granulated. 
14. The common oviduct is a short, straight tube connecting the lateral oviducts 
with the anterior end of the vagina. Common oviduct opens through the 
gonopore into the tubular vagina of almost uniform diameter, which 
communicates with the exterior though the ovipositor. 
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15. The opening of the spermatotheca anatomically marks its anterior limit. 
Similarly, the opening of the accessory glands externally represents the 
posterior limit. 
16. The reservoir of the spermatotheca is somewhat oval and sac-like structure. 
It is connected with vagina through a coiled spermatotheca! duct. 
17. The seminal duct is narrow and connects the bursal duct with the vagina. 
The proximal half of the seminal duct is comparatively broader than its distal 
half. 
18. The paired accessory glands are long. Tubular and convoluted structure 
located in the posterior region of the visceral sinus. The latter opens into the 
vagina through a short and narrow common duct. 
19. Vitellarium is major part of the ovariole, which has oocytes arranged in a 
single row in various stages of their development. 
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PART - D. EFFECT OF MULTINEEM 8 EC AND ACHOOK 0.15 EC 
ON MORPHOLOGICAL & HISTOPATHOLOGICAL 
CHANGES IN REPRODUCTIVE ORGANS 
1. INTRODUCTION 
Toxically effect of biocides on the external anatomy of reproductive 
system of two days old adult of S. obliqua has been observed. Pupal and adult 
malformations were also observed under similar conditions. Effect of different 
concentrations of biocides was observed by measuring the length and diameter 
of the testes and ovarioles of affected insects. The gross morphological changes 
in the gonads following the application of different concentrations of neem 
products (Multineem 8 EC and Achook 0.15 EC) beginning from fifth and sixth 
instar larva is given under the following headings. 
2. OBSERVATION & RESULTS (Morphological) 
2.1. EFFECT OF 0.01 & 0.025% MULTINEEM 
2.1.1. Male Reproductive Organs 
In the multineem treated S. obliqua, slightly shrinkage occurred in the 
testes with both the concentrations. However, with 0.01% concentration the 
shrinkage was less pronounced (Plate-VI, Fig. 22 & 23). The vasa diferentia, 
accessory glands and ejaculatory ducts were found to be slightly deformed at 
certain points. The fused testis, which is in the form of spherical body, became 
dark brown in colour. Testicular tracheal branches were found broken and even 
displaced from original position. The vesicula seminalis was noticed having little 
shrinkage in anterior region with the application of 0.025% multineem (Plate-VII, 
Fig. 27 & 28). 
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2.1.2. Female Reproductive Organs 
Some morphological changes were observed in the treated female 
reproductive system. Application of 0.01 and 0.025% multineem was started 
from two days old fifth to sixth instar larvae and was continued up to its active 
stage. Varying changes were observed in the treated ovary as compared with 
the respective control (untreated). 0.01% concentration of multineem caused 
some shrinkage in the ovariole (Plate-VI, Fig. 21 & 26). Similar changes were 
recorded with 0.025% multineem (Plate-VII, Fig. 28 & 29). Ovaries were found 
shrunken and retracted from 7'" to 3'*^  abdominal segments besides becoming 
coiled and distorted. The eggs which are normally transparent turned to dull 
white or even yellowish. 
2.1.3. Malformation- Pupae and Adults 
The morphological changes were noticed after 0.01% multineem 
treatment (Plate-VI, Fig. 24 & 25). The main changes found in the pupae are 
darkening of colour and reduction in the size. Newly emerged adults had their 
wings crumpled or not fully expanded. In addition to this a slight deformity in 
forelegs was also observed. 
Effect of 0.025% multineem on pupae and adults of S. obliqua (Plate-VI, 
Fig. 31 & 32) was examined. In comparison to 0.01% treatment, more 
deformities/ abnormalities were noticed with 0.025% multineem application. The 
first abnormality observed was in the pupa formation i.e. larvae pupated 
successfully but failed to shed-off their old exuviae due to which normal 
emergence of adults was hindered. Pupae with exuvium attached to the 
posterior region of the body were also observed. The deformities noticed in 
adults were in the form of reduced, curled, crumpled and incompletely formed 
wings. 
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2.2. EFFECT OF 0.05% MULTINEEM 
2.2.1. Male Reproductive Organs 
A number of changes occurred after treatment with 0.05% multineem on 
the male reproductive organs of the adult of S. obliqua (Plate-VIII, Fig. 33 to 35). 
Morphological changes were observed in the treated reproductive organs as 
compared to the respective control conditions. Testes of treated insects showed 
elliptical (el) enlargement with narrow anterior region, which gradually increased, 
in the posterior region. 0.05% concentration caused comparativeiy more 
pronounced effect in the testes, which showed some shrinkage along with 
displacement of peritoneal sheath (Psh). The anterior and posterior enlargement 
of vasicula seminalis was also seen. The peritoneal sheath was seen broken at 
certain places. 
2.2.2. Female Reproductive Organs 
Application of 0.05% concentration, produced considerable and 
significant alterations in the external anatomy of female reproductive organs of 
S. obliqua (Plate-IX, Fig. 38 to 41). The ovarioles of treated females were much 
shorter than in the normal females. The oocytes were found arrested at an early 
stage of vitellogenesis. Vitellarium and germarium were found to be shrunken 
resulting in the reduction of the size of ovarioles. Irregular swellings (Irs) have 
also been observed at different places along the whole length of ovaries from 
oviduct to terminal filament. Eggs were found greatly reduced in size but major 
losses occurred in the terminal filament and germarium regions. While the shape 
of vitellarium broadly, remained normal, its size was considerably reduced as 
compared to the control. In some cases more than one oocyte was noticed in a 
single egg chamber. The shape and size of the lateral as well as common 
oviduct mostly remained unchanged whereas, the bursa copulaterix which is 
120 
yjosert/ation and t\eiu{ti 
fairly large sac like structure in the normal females become slender, soft and 
short in the treated female. Female accessory glands were also shortened. 
2.2.3. Malformation-Pupae & Adults 
Effect of 0.05% multineem on the pupae and adult moths of S. obliqua 
(Plate-VIII, Fig. 36 & 37) was observed. The deformation and concomitant 
reduction in the fitness of the pupa and the adults that develop from treated 
larvae can be of considerable significance. Reduction or loss of flight ability, 
feeding impediments, impairment of communication among individuals of the 
same species, leading to either loss of the ability or readiness to copulate or 
caused by the loss of antennae, along with deformed compound eyes and curly 
and coiled wings are some of the manifestations of 0.05% multineem application. 
2.3. EFFECT OF 0.08% MULTINEEM 
2.3.1. Male Reproductive Organs 
Alteration in the external anatomy of male reproductive system of S. 
obliqua (Plate-X, Fig. 42 to 44) were noticed with the application of 0.08 percent 
of multineem. The very first observation noticed is the loss of circular shape of 
testes, because the peritoneal sheath become damaged, resulting in the 
appearance of two greatly compressed and fissured testes. The enlargement of 
vasicula seminalis, some shrinking and location disturbance in case of 
accessory glands and ejaculatory ducts were also observed. Damage and 
dislocation in testicular tracheal branches was also observed. In general, at this 
concentration of multineem, the male reproductive organs showed considerable 
damage and malformations. 
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2.3.2. Female Reproductive Organs 
With the application of 0.08 percent of multineem, the female reproductive 
system of adult moth of S. obliqua also showed several changes (Plate-XI, Fig. 
47 to 50). The terminal filament and germanium were found broken at many 
places. The size of the vitellarium was proportionally reduced in comparison to 
the control. Ovarioles showed bulging and loop formation (Bl) at several places 
deviating considerably from the normal shape. Number of eggs were found 
reduced and their colour also changed to dark brown. The overall size of 
ovariole and eggs was found greatly reduced. Younger oocytes were found 
arrested at an early stage of yolk incorporation. The number of chorionated eggs 
was greatly reduced. 
The shape and size of the lateral oviducts as well as common oviduct 
remain unchanged. The internal sclerotisation in the bursa copulatrix having 
been greatly reduced under the effect of multineem concentration of 0.08% 
further became soft. The shape and size of the spermatotheca however remain 
unchanged, whereas the accessory gland was found reduced. 
2.3.3. Malformation-Pupae & Adults 
With the application of 0.08% multineem, maximum damage was recorded 
during the formation of pupa and transformation into adult stage (Plate-X, Fig. 45 
& 46). Treated larvae changed to pupae, which were greatly curled besides 
losing their dark colour. The size of these pupae was much less than the control. 
The longevity of adult was very short and the mobility of the adult was also 
adversely affected. Crumpling of one pair or both the pairs of wings was 
observed. Shortening of antennae & legs was also noticed. 
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2.4. EFFECT OF 0.001 & 0.002% ACHOOK 
2.4.1. Male Reproductive Organs 
To study the effect of 0.001 and 0.002% of achook, two days old fifth 
instar larvae of S. obliqua were selected for application and the treatment was 
continued until they reached pre-pupal stage. The male reproductive system of 
adult S. obliqua as a whole got a little shrunken under the effect of these 
concentrations. The shrinkage was clearly noticed, as smaller testes size and 
reduced peritoneal sheath. However, the accessory gland, common duct and 
ejaculatory ducts were mostly unaffected. Although the overall affect of 0.001 & 
0.002% while achook application did not evoke significant response on the male 
reproductive organs of S. obliqua, it may be noted that the effect of 0.002% 
(Plate-XIII, Fig. 56 & 57) was more pronounced as compared to 0.001% (Plate-
XII, Fig. 53) which suggest that with higher doses encouraging results could be 
obtained. 
2.4.2. Female Reproductive Organs 
Moderate reduction in the size of female reproductive system as a whole 
was observed with the application of 0.001 & 0.002% achook. No effect was 
observed in the case of vitellarium and germarium region. The colour of eggs 
inside the ovariole, changed from yellow to dull white besides the reduction in 
their number. As expected, the effect on the female reproductive organs is dose 
dependent as 0.002% concentration of achook {Plate-XIII, Fig. 58 & 59) gave 
significant results in comparison to 0.001% (Plate-XII, Fig. 51 & 52), which 
proved insignificant. 
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2.4.3. Malformation-Pupae & Adults 
With the lower concentration of achook viz., 0.001% the pupae formation 
was hampered and their colour also turned dull (Plate-XII, Fig. 54 & 55). Slight 
morphological changes were also noted in the adults especially in the hind-
wings, which remained short and partially closed. Prolonged pre-pupal & pupal 
period and reduction in the weight of pupae are other notable effects of achook 
treatment at the given concentration. 
0.002 percent achook produced many morphological changes in the 
pupae and adult of S. obliqua (Plate-XIII, Fig. 60 & 61). The process of formation 
of pupae was affected, rendering it into a curve shape. The colour of pupae also 
changed to dark brown. The adult emergence was considerably reduced as 
compared to control. Both the wings become crumpled, antennae were found to 
be somewhat curved, the legs were weak and disproportionate. All these 
morphological changes cast their shadow on the behaviour of the moth as well. 
The flight of adults was adversely affected and overall activity was greatly 
reduced. The average life span of adult moth also was shortened. 
2.5. EFFECT OF 0.004% ACHOOK 
2.5.1. Male Reproductive Organs 
The 0.004 percent concentration of the achook caused considerable 
shrinkage in the testes of adult moth of S. obliqua (Plate-XIV, Fig. 62 to 64). The 
outer layer of testes i.e. peritoneal sheath (Psh) was found to be broken at 
places. This damage in peritoneal sheath is proportionally in line with the 
previous treatment. The peritoneal sac was found to be exited out from the 
damaged places of peritoneal sheath. The testes changed their shape from oval 
to irregular and colour from brown to red. The location of testes was also altered. 
As a result they descend downwards from fifth to sixth abdominal segments. The 
other parts of male reproductive system e.g. vas deference, seminal duct, 
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accessory glands and ejaculatory duct did not show any significant 
morphological or other changes, at this concentration. 
2.5.2. Female Reproductive Organs 
0.004 percent of achook concentration, show similar alteration in the 
morphology of female reproductive organs as was observed after treating with 
0.002 percent (Plate-XV, Fig. 67 & 70). The application of these treatments was 
started at the two days old fifth instar larval stage and were continued up to pre-
pupal stage. As first hand observations the whole female reproductive organs 
was found moderately damaged. This damage was more pronounced in the 
ovariole region. The other parts e.g. terminal filament and germarium became 
less developed and irregular swelling (Irs) was observed in the ovariole region. 
This irregular swelling results in the disturbance of the normal shape of ovariole 
which in turn disturbed the regular arrangement of developing eggs within the 
ovariole. Further, 30-40 percent of these eggs perished under the effect of 
0.004% achook. Reduction in size of lateral oviduct was pronounced, whereas 
certain other regions of female reproductive organs of treated insects, were only 
mildly affected. 
2.5.3. Malformation- Pupae and Adults 
The tropical application on the fifth instar larvae resulted into a delay in 
moulting, thus prolonging the overall developmental period (Plate-XIV, Fig. 65 & 
66). The defects encountered in the process of larval development of S. oblique 
were of higher nature with 0.004% achook, which was in line with the previous 
doses. Besides this the malformation found in the emerged moth were manifold. 
The defects produced in the antennae, legs and wings were although similar but 
more intense than with the 0.002% concentration. The wings of newly emerged 
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adults were rudimentary and unable to serve any purpose. The pupae size was 
also reduced besides being curved. 
2.6. EFFECT OF 0.006% ACHOOK 
2.6.1. Male Reproductive Organs 
Although the changes and alterations produced under the effect of 0.006 
percent of achook were same as in the case of former concentration of achook, 
but these were greater in intensity. Further, the reproductive organs as a whole 
was shortened under the effect of treatment, vasa deferentia, accessory glands 
and common accessory gland were adversely affected. A major damage was 
observed at the site of testes, where the whole peritoneal sheath was found to 
be shrunken leaving no gap between the testes, but unlike the previous doses, it 
did not cause rupture of the sheath. The vas deferent and vesiculus seminalis 
also presented normal length & thickness. While accessory glands were found to 
be poorly formed the ejaculatory duct and aedeagus were only slightly affected. 
All the changes / abnormalities as noted above are highly significant (Plate-XVI, 
Fig. 71 & 73). 
2.6.2. Female Reproductive Organs 
Two days old fifth instar larvae of S. obliqua were treated with 0.006 
percent achook (Piate-XVIi, Fig. 76 to 79). A number of morphological changes 
in the female reproductive organs were observed in the treated insect. The 
diameter of ovariole was found greatly reduced resulting in the compression of 
developing eggs. 
The basal portion of ovariole however, becomes distended due to 
accumulation of large number of non-viable eggs. Total number of viable eggs 
present was less than in the control. As an estimate, 60-70 percent of eggs was 
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found damaged under the effect of present dose of achook. The colour of eggs 
also tuned dark brown with some blackened eggs were also spotted in the 
bulged portion of the ovariole. The lateral duct was also shrunken. The bursa 
copulatrix which is fairly large sac like structure in the normal insects, become 
short, slender & delicate under the effect of 0.006% achook. The shape and size 
of spermatotheca was however, normal, while the size of accessory gland was 
considerably reduced. No change was observed in the terminal filament. The 
results as a whole signify the adverse effect of 0.006% achook on the female 
reproductive organs. 
2.6.3. Malformation-Pupae & Adults 
The present study clearly demonstrated the adverse effects of 0.006% 
achook on the pupae and subsequent emergence of adults (Plate-XVI, Fig. 74 & 
75). The very first abnormality observed after achook treatment was at the time 
of pupation, with malformation in the resultant pupae causing considerable 
mortality of the latter. The adult emergence was thus greatly affected. Further, 
the emerged adults were with deformed wings and were unable to fly. Even the 
mouthparts were affected due to which the adults were unable to feed properly. 
The other morphological deformations observed in the adults included 
shortening of pronotum and somewhat exposed mesonotum of the thorax. In 
severely affected cases the moths were unable to crawl out from the pupal 
covering, or could only partly do so, as their abdominal region remained trapped 
within the pupal case. 
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3. OBSERVATION & RESULTS (Histopathological) 
3.1. EFFECT OF 0.01% MULTINEEM 
3.1.1. Testes (Tes.) (Plate-VI, Fig. 23) 
With sub-lethal dose as above the spermatogenesis was slightly affected. 
Only spermatogonia, spermatocyte and spermatid cysts were present along with 
reduced testicular cysts in each testis. Inter follicular partitions were found 
broken at some places. There seems little effect on the germ cells except that 
the late spermatids (Spd) and the spermatozoa (Spz) appeared clumped as 
giant sperm bundles. The size of testes also was somewhat reduced. 
3.1.2. Ovariole (OvI) (Plate-VI, Fig. 21) 
Application of 0.01 percent concentration of multineem on the fifth instar 
larvae of S. obliqua brought some histopathological change in the ovarioles of 
the affected females. The cellular nature of the germarium however remained 
unchanged. In the treated ovariole, fragmentation of the oocyte (Ooc) was 
observed along with distorted shape and shrunken ooplasm (op). The follicular 
epithelial cells also got affected and the yolk (Ylk) bodies become disintegrated. 
The chorion layer was immensely affected and even damaged. 
3.2. EFFECT OF 0.025% MULTINEEM 
3.2.1. Testes (Tes.) (Plate-VII, Fig. 28) 
At sub-lethal dose, the size of testes remained unchanged. 
Spermatogenesis was however inhibited as the testicular follicles got reduced 
and deformed. In a few cases the histoarchitecture of testis showed only 
spermatocytic cysts. The primary spermatogonia showed abnormally thickened 
ring shaped chromosomes, whereas the chromosomes of the secondary 
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spermatogonia (Spg) were deeply stained and their seemed to be clumping 
among them. The spermatocytes were minutely vacuolated (Vo) while the 
spermatids were with pycnotic nuclei and the spermatozoa (Spz) showed loose 
arrangements. The peritoneal sheath at certain points was found broken. 
3.2.2. Ovariole (OvI) (Plate-VII, Fig. 30) 
A number of changes occurred after treatment with 0.025 percent 
concentration of multineem in S. obliqua. At sub-lethal dose, the maximum effect 
was noticed on the oocytes (Ooc) and yolk (Ylk), which had lost contact with 
each other. Most of the oocytes were depleted, the follicular epithelium 
appeared as very thin pycnotic layer and the tunica propria was distorted having 
detached from the oocytes. Certain oocytes become vacuolated in central 
portion. The cytoplasm also become reduced and filled up with greatly enlarged 
vacuoles (Vo). In certain areas of ovariole sections, epithelium (Epth) became 
invaginated and nurse cells were also found damaged. No significant alteration 
was observed in the other cellular structures with this treatment. The formation 
of chorion was however greatly affected. In some ovariole, the size of the 
chorionating eggs remained small having little yolk compared to the control. As a 
whole the application of selected sub-lethal concentration did not evoke 
significant histological damage and the ovaries of the treated female remained 
mostly unaffected. 
3.3. EFFECT OF 0.05% MULTINEEM 
3.3.1. Testes (Tes.) (Plate-VIII, Fig. 35) 
Application of 0.05% multineem showed low to moderate alteration in the 
cellular structure of treated testes of adult moth of S. obliqua. Consequent to the 
effect of treatment, the testes slightly lost its circular shape. Most of the testicular 
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cysts attained final stage of spermatogenesis but these spermatid cysts undergo 
necroses. Reduction in the number of sperm-bundle and presence of thin, short 
and deformed spermatozoa (Spz) were also observed. The spermatogonia (Spg) 
and the spermatocytes showed pycnotic nuclei. The spermatozoa were scattered 
to the extent that entity of the bundle became inconspicuous. The cytoplasm of 
the testis was found having accumulated (Al) at certain places. 
3.3.2. Ovariole (OvI) (Plate-IX, Fig. 41) 
The oocytes (Ooc) were found distorted with contracted ooplasm (op) and 
distorted tunica propria. Most of the oocytes got disintegrated. Extensive 
damage was noticed in the follicular epithelium (Epth), which appeared as 
pycnotic layer. A mass of pycnotic follicular epithelial cells was also seen 
accumulated at the apical portion around the oocyte. The peritoneum and 
basement membrane (BMb) got considerably shrunken and broken showing 
further damage to the primordial germ cells. The main damage of this layer 
resulted in reduction in the cellular component of the egg leading to reduction in 
the size of ovariole (Vo). In some ovarioles the number of immature oocytes 
were very few as compared to the control. However, in other ovarioles the 
development and maturation of the young oocytes was not normal resulting in 
the pushing of trophocytes in its upper region. The stretching and vacuolization 
was also observed at particular places inside the egg. 
3.4. EFFECT OF 0.08% MULTINEEM 
3.4.1. Testes (Tes.) (Plate-X, Fig. 44) 
The loss of chorion among the germ cells was more pronounced and the 
follicle were found vacuolated. The spermatogonia were smaller in size with 
pycnotic nuclei and the spermatocytes with reduced cytoplasmic contents. The 
spermatozoa were hypertrophied and scattered in the lumen. The 
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spermatogonia (Spg) remained immature, the spermatocytes got degenerated 
and further hypertrophied spermatids (Spd) were observed in the lumen. The 
sperm-cysts (Cst) lost their tails, between inter follicular spaces and at few other 
'Places 'brown coloured bodies' could be seen. Melanization of the margins of 
the follicles was further increased and the spermatocytes showed excessive 
fragmentation of their chromatin thereby leading to their disintegration. 
Hypertrophied spermatids were found to be displaced from their position and 
hyper-trophied spermatozoa were also dissociated. The peritoneal sheath (Psh) 
was highly broken at many places. All the above abnormalities are of significant 
nature. 
3.4.2. Ovariole (OvI) (Plate-XI, Fig. 50) 
The section of the ovarioles of the female treated with 0.080% 
concentration of multineem showed clumping of chromatin material of the nuclei 
of the nurse cells along with oocytes (Ooc) and other observations similar to 
earlier concentrations. However, the degeneration of follicular (Fol) chamber 
was evident. Although semblance of follicles was seen, there was lack of 
differentiation of the nurse cells, oocytes and follicular cells. The peritoneal 
sheath became obliterated and also broken at many places. The cytoplasm got 
reduced and vacuolated. 
3.5. EFFECT OF 0.001% ACHOOK 
3.5.1. Testes (Tes.) (Plate-XII, Fig. 53) 
Following the application of sub-lethal concentration of achook on castor 
leaves which were provided to fifth instar (two days old) larvae, the affected male 
showed some cellular damage in the testes. Inter-follicular septum 
(PtW)becomes thin. Reduction of testicular cysts and inhibition of 
spermatogenesis were observed. Spermatozoa (Spz) were less than normal. In 
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exceptional cases all the developmental stages of testicular cysts underwent 
necrosis-showing signs of dissolution. This concentration of the insecticide 
caused considerable shrinkage in the testes. No significant changes were 
however observed in other cellular structures. 
3.5.2. Ovariole (OvI) (Plate-XII, Fig. 51) 
At sub-lethal dose, certain histological disturbances occurred in the 
developing ovary. More than half of oocyte (Ooc) became disintegrated and 
damaged. Some of the oocytes presented changed features, which were due to 
less deposition of yolk (Ylk) material in it. Egg cells developed small vacuoles 
(Vo) and showed scanty cytoplasmic material in the outer regions. No significant 
changes were however, observed in other cellular structure. 
3.6. EFFECT OF 0.002% ACHOOK 
3.6.1. Testes (Tes.) (Plate-XIII, Fig. 57) 
Histopathological changes were observed in the treated testis section as 
compared to the control. At sub-lethal dose, the testis size remained normal, but 
cellular structures got affected. Inter-follicular portions (PtW) were broken or 
unclear. Spermatogenesis was considerably inhibited and spermatogoneal and 
spermatocytic cysts got disturbed. In a few cases undifferentiated cysts could be 
observed. Epithelium (Epth) showed considerable shrinkage in size with no clear 
basement membrane (BMb). The peritoneal sheath (Psh) was however normal. 
3.6.2. Ovariole (OvI) (Plate-XIII, Fig. 59) 
This concentration also caused damage and alterations similar to the 
previous dose of achook. However, affected females showed some other cellular 
damage in their ovaries with 0.002 percent concentration. Histologically, the 
germinal portion of the ovariole of the affected females remained intact having 
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large number of primordial germ cells. At the posterior region, each of the 
primary oogonia along with few trophocytes or nutritive cells was enclosed in a 
thin epithelial layer, which was made up of cuboidal cells. A number of vacuoles 
(Vo) also appeared in the ooplasm (op). 
3.7. EFFECT OF 0.004% ACHOOK 
3.7.1. Testes (Tes.) (Plate-XIV, Fig. 64) 
This concentration also caused changes and alterations like the earlier 
lower concentrations of the insecticide. At sub-lethal dose, degenerative 
changes were noticed in the spermatogonia (Spg), spermatocytes, spermatids 
(Spd) and spermatozoans (Spz). While the spermatocytes showed diffused 
chromatin material in their nuclei and consequently sperm cysts (Cst) were 
damaged, which later on become pycnotic. Further, damage of the spermatozoa 
continued and the pycnotic spermatocytes showed loss of cohesion among them 
selves. The spermatids were displaced and the spermtozoans got effected 
showing clumped heads ana weak tails. General size of the testes remained 
smaller and further excessive damage lead to severe melanization of the 
follicles. Germ cells, which survived, lost their identity and got disintegrated 
later. Cytoplasmic material also showed clumping at many places along with 
some vacuoles (Vo). The nuclei of the cells also lost their usual shape. The 
peritoneal sheath (Psh) was found broken. 
3.7.2. Ovariole (OvI) (Plate-XV, Fig. 70) 
At the sub-lethal dose, the sections of ovarioles of S. obliqua fed with 
0.004 percent concentration of achook presented crumpling of chromatin. In the 
transverse sections some of the ovarioles were seen completely disintegrated 
and follicles degenerated. Crumpling of chromatin material was found in the 
nurse cells as well. The ovariole contained large number of immature oocytes 
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(Ooc). In some ovarioles, the follicular epithelium (Epth) became thin and loose. 
The oocytes contained less ooplasm (op) and had small vacuoles (Vo) at the 
centre. The development of these oocytes was highly affected resulting in 
smaller size as compared to the control. Further in most of the ovarioles, the 
development and maturation of the oocytes were slow. The chorion was found 
shrunken inward and large gaps appeared between ovariole and chorion. 
3.8. EFFECT OF 0.006% ACHOOK 
3.8.1. Testes (Tes.) (Plate-XVI, Fig. 73) 
At sub-lethal concentration, histopathological changes include decline in 
the occurrence of spermatogonia (Spg), spematocytes, and spermatids (Spd). A 
few accumulated weak sperm heads could also be seen. Severe vacuolization of 
the follicles (Fol) was evident and the apical cells as well as the germinal 
epithelium (Epth) of the follicle were also affected. There was further decline in 
the testicular contents and the testis follicle showed necrosis. The germinal 
epithelium was further interrupted and only remnants of degenerated cells could 
be seen. An excessively long sperm bundle was seen as additional feature. 
3.8.2. Ovariole (OvI) (Plate-XVII, Fig. 79) 
At sub-lethal concentration, ovarian development revealed adverse 
effects on the follicular epithelium and vitelline membrane formation. Damage to 
the follicular epithelium increased with the age of the ovary and the inter-
follicular tissue became disrupted and other changes were observed similar to 
earlier concentrations. A greater vacuolization appeared in the centre and yolk 
(Ylk) granules were observed in the ooplasm (op) of the treated insects. The wall 
of ovariole showed breakage at certain points. The sections of treated ovariole 
disclosed the crumpling of chromatin in the nuclei of nurse cells and oocytes 
(Ooc). 
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4. DISCUSSION 
The present findings demonstrate the impact of neem products i.e. 
biocides (Multineem 8 EC and Achook 0.15 EC) on the reproductive biology, 
behaviour and histopathological changes of Spilosoma obliqua, and that the 
complex process could be disturbed at several points. Pupal and adult 
malformations were also observed. The different concentrations of multineem 
and achook showed morphogenic defects in pupal and adult formation. Treated 
larvae changed to pupae with typical and abnormal moulting. The pupae were 
highly curly. Newly emerged adults presented wings, which were crumpled, 
incompletely expanded and unable to serve any purpose. Either only fore wings 
or both the wings were crumpled. Small sized antennae and legs were also 
noticed. Developmental abnormalities have also been reported in Diacrisia 
obliqua (Singh, 1977; Singh and Jakhmola, 1980), Eariae vitella (Raman et al., 
1993), Helicoverpa armigera (Jhansi and Singh, 1993), Dysdercus cingulatus 
(Saradamma et al., 1993), Lipaphis erysimi (Bhathal and Singh, 1993), and 
Schistocerca gregaria (Nicol and Schmutterer, 1991; Wilps et a!., 1993), S. 
gregaha, Actiaea Janata and Spilosoma obliqua (Subrahmanyam and Rao, 
1993). 
The present study in S. obliqua, show tissue hyperactivity and cellular 
deformations of testis. The multineem was also applied topically to the fifth and 
sixth larval instar. At 0.01 and 0.025% multineem treatment, certain changes 
were observed. Inter follicular partitions were often found broken. The size of 
testis also became reduced. Consequent to this, reduction in the size of the 
cellular part of testis was observed. In few cases the histoarchitecture of testis 
shows only presence of spermatocytic cysts. Spermatogenesis was inhibited 
and a reduction of testicular follicles was observed. Present observations are in 
conformity with those of Misra (1981) and Paul et al. (1991) in D. obliqua. The 
testicular cysts attained final stage of spermatogenesis but these spermatid 
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cysts underwent necroses with higher concentrations of multineem (0.05 and 
0.08%). A number of deformed sperm-bundles and short spermatozoa were also 
observed. The spermatozoa were scattered to the extent that individual entity of 
the bundle becomes inconspicuous. The cytoplasmic material of the testis cells 
aggregated at certain places, which appear as large spots in cross sections. The 
sperm cysts lose their tails. Between the inter-follicular spaces and at few other 
places 'brown coloured bodies' could be seen under the microscope. The 
peritoneal sheath was extensively damaged at many places. Bhuya & Dash 
(1976) and Paul et al. (1991) in D. obliqua and Vishwanath et al. (1978) in 
Locusta migratoria have also reported degeneration of apical cells with apholate 
treatment. 
In the present observation on S. obliqua, histopathological changes of 
testis treated with 0.001 and 0.002% achook showed no apparent damage in 
structure. A general reduction in size was found in treated testis, and 
developmental stages of testicular cysts undergo necrosis-showing sign of 
dissolution. Inter-follicular portions were broken or become Invisible. Epithelium 
shows considerable shrinkage with no clear basement membrane and vacuoles 
were abundantly present. Vishwanath et al. (1978), Ahi (1988a, b) in 
Poekilocerus pictus and Paul et al. (1991) in D. obliqua have also recorded 
similar damages. In the present study insects treated with 0.004 and 0.006% 
achook showed degenerative changes which was particularly noticed in the 
spermatogonia, spermatocytes, spermatids. While the spermatocytes show 
diffused chromatin material of their nuclei, the sperm cysts were considerably 
damaged. General size of testes became smaller and further damage lead to 
severe melanization of the follicles. Cytoplasm also showed clumping at many 
places along with the appearance of some vacuoles. The nuclei of the cells also 
lose their original shape. The peritoneal sheath was broken at many places. 
Severe vacuolization of the follicles was evident and the apical cells as well as 
the germinal epithelium of the follicle were also affected. Misra (1981), Bhuya 
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and Dash (1976) and Paul et al. (1991) also noticed the hyperactivity and 
cellular deformations. 
The treated ovarioles were much smaller than In the normal. Appearance 
of swelling has also been observed at different intervals along the whole length 
of ovaries. The eggs inside the basal portion of ovariole became dead, 
chorionated and desiccated resulting into a heavy bulging. Similar observations 
have been recorded in azadirachtin treated adults of Epilachna varivestis 
(Schuiz, 1981; Schuiz and Schluter, 1984) and last instar larval ovaries of 
Oncopaltus fasciatus (Dorn et al., 1986). 
The histopathological findings of S. obliqua treated with different doses 
(0.01 and 0.025%) of multineem the ovariole showed abnormal fragmentation of 
the oocyte along with distortion in shape and shrunken ooplasm. The follicular 
epithelial cells also got effected and showed pycnosis, while the yolk bodies 
became disintegrated. Ovariole became weak and chorion layer highly distorted 
and damaged. Most of the oocytes were depleted, the follicular epithelium 
appeared as very thin pycnotic layer and the tunica prapria was distorted having 
detached from the oocytes. Certain oocyte became vacuolated in the central 
portion. The cytoplasm also became reduced and vacuoles became greatly 
enlarged. Saxena and Aditya (1974) in P. pictus observed inhibited maturation of 
oocytes after treatment, a view shared with Mittal et al. (1978). Ahi (1988a) in P. 
pictus observed the gonads with visible damage to the ovaries due to the effect 
of aldrin where vitellogenesis was arrested in most of the stages. With 0.05 and 
0.08% multineem treatment ovary showed a mass of pycnotic follicular epithelial 
cells which got accumulated at the apical portion around the oocyte. The 
peritoneal membrane and basement membrane were considerably shrunken and 
broken causing further damage to the primordial germ cells. In some ovarioles 
the number of immature oocytes was very low. The stretching and vacuolization 
also took place at particular parts inside the egg. The clumping of chromatin 
material of the nuclei of the nurse cells were seen along with oocytes. Such a 
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clumping has also been noted in the housefly (Morgan and LaBreeque, 1962 & 
1964) and in Cadra caulella (Gangrade and Pant, 1970). LaChance and 
Riemann (1964) showed chromatin breakdown of follicles of the ovarioles in 
screw worm fly, while apholate affected follicles of the ovariole in Aedes aegypti 
(Rai, 1964). Drosophila me/anogaster (Cantwell and Henneberry, 1963) and in 
C. caullela (Gangrade and Pant, 1970). 
The present investigation revealed that both 0.001 and 0.002% 
concentrations of achook produced histopathological changes in the ovariole of 
S. obliqua. Some of the oocytes showed changes in their structure, which was 
due to less deposition of yolk material in it; egg developed vacuoles and showed 
scantly cytoplasmic material in the outer regions. The germinal portion of the 
ovariole of the affected female was intact which contain large number of 
primordial germ cells. At the posterior region, each of the primary oogonia along 
with the few trophocytes or nutritive cells were found enclosed in a thin epithelial 
layer which was made up of cuboidal cells. However, greater vacuolization and 
yolk granules were seen in ooplasm of the treated insects (Gupta, 1988). Schuiz 
(1981) and Schluter (1984) in Epilochna varivestis reported histological 
disturbances in developing ovary in adults treated with neem extract. Ovary of S. 
obliqua treated with 0.004 and 0.006% achook revealed crumpling of chromatin 
material in the nurse cells and the oocytes. The ovarioles were completely 
disintegrated and appeared as degenerated follicles at the center. The chorion 
was shrunken inward and caused a huge gap between ovariole wall and chorion 
and further, yolk was also reduced. The neem extract drastically affects the 
follicular epithelium and vitellin membrane formation. The damage in the 
follicular epithelium increased with the age of the ovary and the inter-follicular 
tissue was disrupted. 
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5. SUMMARY 
Morphological changes 
1. Toxic effect of different concentrations of multineem and achook on the 
externa! anatomy of reproductive organs of adult moth of S. obliqua emerged 
from treated larvae has been observed. 
2. Slight and less pronounced shrinkage occurred in male & female 
reproductive organs of few insects with 0.01 & 0.025% multineem. 
3. Pupae with exuvium attached to the posterior region of the body were often 
observed. Deformities were noticed in some adults, with their wings crumpled 
and deformed with 0.01 & 0.025% multineem. 
4. Testes of adult moth emerged from larvae treated with 0.05% multineem 
showed elliptical enlargement with narrow anterior region, which gradually 
increased, in the posterior region. The peritoneal sheath was also broken at 
certain places. 
5. The ovaries of adult moth emerged from larvae treated with 0.05% multineem 
were much shorter than in the normal insects. Vitellarium and germanium 
were found to be shrunken and reduction of the size of ovarioles and 
abnormal swellings has also been observed. 
6. Loss of flight ability, feeding impediments, impairment of communication 
among individuals of some species, curly and coiled wings are some of the 
manifestations of 0.05% multineem application. 
7. With the application of 0.08% multineem, loss of circular shape of testes 
were observed which is perhaps due to the damage of peritoneal sheath, 
resulting in the appearance of two greatly compressed and fissured testes. 
Some shrinkage and location disturbance in case of ejaculatory duct and 
accessory glands were also observed. 
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8. With the application of 0.08% multineem, germanium was found broken and 
vitellarium was proportionally reduced in comparison to the control. Ovariole 
bulging and loop formations at several places were also observed. The 
overall size of ovariole and eggs was found greatly reduced. 
9. With the application of 0.08% multineem, maximum damage was recorded 
during the formation of pupa and transformation into adult. Crumpling of one 
pair or both the pairs of wings, shortening of antennae & legs were also 
noticed. 
10. 0.001 & 0.002% achook, affected the male and female reproductive organs 
of S. oblique which suggest that with higher doses further encouraging 
results could be observed. Malformation in pupae and adult decolouration 
also observed. 
11. 0.004% achook caused considerable shrinkage in the testes and peritoneal 
sheath was broken. The testis was seen from oval to irregular shape and 
colour from brown to red. 
12. With 0.004% achook female reproductive organs was found significantly 
damaged. The irregular swellings in the ovariole brought further irregularities 
in the arrangement of developing eggs within the ovariole. 
13. 0.004% achook on application resulted in malformed pupae & adult. The 
deformities in the antennae, legs, wings of newly emerged adult were such 
that there appendages were unable to serve any purpose. The pupa size was 
also reduced besides being curved. 
14.0.006% achook adversely affected the vasa deferentia, accessory glands 
and common accessory glands. A major damage was observed at the site of 
testes, leaving no gap between peritoneal sheath and testes. All the 
abnormalities as noted above are highly significant. 
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15. With the application of 0.006% achook, morphological changes in the female 
reproductive organs were observed. The colour of eggs also tuned dark 
brown with some blackened eggs also spotted in the bulged portion of 
ovariole. The bursa capulatrix become short, slender & delicate. The result 
as a whole signifies the adverse effect of achook on the female reproductive 
organs. 
Histopathological Changes 
1. Effect of 0.01% multineem on testes and ovariole the spermatogonia, 
spermatocyte and spermatid cysts was recorded. Inter follicular partitions 
were found broken at some places. In the treated ovariole, fragmentation of 
the oocyte was observed along with distorted shape and shrunken ooplasm. 
The follicular epithelial cells also got effected and the yolk bodies becoming 
disintegrated. 
2. With 0.025% multineem, the primary spermatogonia showed abnormally 
thickened ring shaped chromosomes and their seemed to be clumping 
among them. The peritoneal sheath of the testes was broken at certain 
points. 
3. With the application of 0.025% multineem, the oocytes become depleted, the 
follicular epithelium appeared as very thin pycnotic layer and the tunica 
propria was distorted being detached from the oocytes. The cytoplasm was 
also reduced with greatly enlarged vacuoles. In certain areas of ovariole 
sections epithelium became invaginated and nurse cells were also found 
damaged. 
4. 0.05% multineem showed low to moderate alteration in the cellular structure 
of testes. Reduction in the number of sperm-bundle and presence of thin, 
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short and deformed spermatozoa were observed. The spermatozoa were 
scattered to the extent that entity of the bundle became inconspicuous. 
5. 0.05% multineem caused extensive damage in the follicular epithelium, which 
appeared as pycnotic layer. The peritoneum and basement membrane got 
considerably shrunken arid broken showing further damage to the primordial 
germ cells. In some ovarioles the number of immature oocytes were very few 
as compared to the control. 
6. With the application of 0.08% multineem, the spermatogonia in the testes 
remained immature, the spermatocytes got degenerated and further 
hypertrophied spermatids were observed in the lumen. The sperm cysts lose 
their tails, at few places 'brown coloured bodies' could be seen. The 
peritoneal sheath was highly broken at many places. All the above 
abnormalities are of significant nature. 
7. 0.08% multineem, application caused clumping of chromatin material of the 
nuclei of the nurse cells along with oocytes of the ovariole. There was lack of 
differentiation of the nurse cells, oocytes and follicular cells. The cytoplasm 
got reduced and vacuolated while other damages were almost similar to 
0.05% multineem. 
8. 0.001% achook caused the reduction of testicular cysts and inhibition of 
spermatogenesis. Some of the oocytes also presented changed features, 
which was due to less deposition of yolk material in it. 
9. With 0.002% achook, inter-follicular portions were broken or became 
invisible. Spermatogenesis was considerably inhibited and spermatogoneal 
and spermatocytes cyst got disturbed. Epithelium showed considerable 
shrinkage. 
10. With 0.002% achook, the germinal portion of the ovariole remained intact 
having large number of primordial germ cells. At the posterior region, each of 
the primary oogonia along with few trophocytes or nutritive cells was 
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enclosed in a thin epithelial layer. A number of vacuoles also appeared in the 
ooplasm. 
11.0.004% achook caused histopathological changes of testes. The 
spermatocytes showed diffused chromatin material in their nuclei and 
consequently sperm cysts were damaged. Germ cells, which survived, lost 
their identity and got disintegrated later. The spermatids were displaced and 
the spermatozoans got affected showing clumped heads and weak tail. 
12. 0.004% have achook caused adverse changes as the ovariole became 
comparatively disintegrated and follicles degenerated. In some ovarioles, the 
follicular epithelium became thin and loose. The oocytes contained less 
ooplasm and showed small vacuoles at the center. The chorion was found 
shrunken inward and large gaps appeared between ovariole and chorion. 
13. With 0.006% achook, the testes presented crumpled weak sperm heads. The 
testicular contents and the testis follicle showed necrosis. The germinal 
epithelium was further interrupted and only remnants of degenerated cells 
could be seen. 
14. 0.006% achook, caused considerable damage to the ovariole. A greater 
vacuolization appeared in the centre and spare yolk granules were observed 
in the ooplasm. Ovariole exhibited the clumping of chromatin in the nuclei of 
nurse cells and oocytes. Damage to the follicular epithelium and the inter-
follicular tissue was observed. 
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PART - E. HISTOCHEMISTRY OF REPRODUCTIVE ORGANS 
1. INTRODUCTION 
In most insects, large amount of proteinaceous yolk is deposited in the 
developing oocytes. The protein may be synthesized within the follicle cells 
(Anderson and Telfer, 1969 & 1970) or in tissue outside the oocyte (Telfer, 1965 
and Engelmann, 1970). The simple polytrophic ovary of Anisolabis and Labidura 
(Bonhag 1956 and Nath et al., 1959) contains lipid yolk and the protein yolk 
along with the nucleoproteins, which are directly contributed by the single 
trophocyte to the oocyte through the pore in the inter-follicular septum. In the 
more complex type of the polytrophic ovary of Culex, the trophocytes do not 
seem to play significant part in the nourishment of the developing oocyte, but the 
follicular epithelium is the major source of the raw material for the oocyte (Nath 
et al., 1958). According to Manser (1968) and Pratt & Davey (1972) extra-
ovarian protein Is believed to reach the oocyte surface by an intercellular route 
and incorporated as yolk by pinocytosis (Elliott and Gillott, 1976). 
A close scrutiny of the existing literature reveals that our present 
knowledge of the histochemical accounts of polytrophic ovarioles is confined to a 
few species only (Pollack & Telfer, 1969 and Tripathi & Choudhry, 1979 & 1981). 
The present study has therefore, been undertaken to investigate the origin and 
chemical nature of nourishing substances found in the treated and untreated 
male and female internal reproductive organs. Since all of the chemical 
substances received by the oocytes from the blood are mediated by the nurse 
tissues (Bonhag, 1955a,b), this study involves histochemical observations of the 
trophocytes and follicular epithelium. Much of the chemical material received 
from the nurse tissue is further elaborated by the oocytes before it becomes part 
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of the definitive yolk of tlie ova (Banhag, 1955b). Present investigation has been 
undertaken to study the testes and ovariole of adult moth of Spilosoma obliqua. 
Ovarian and testes maturation in the adult moth of S. obliqua requires 
about two days and is characterized by numerous histochemical and 
morphological changes within the follicular epithelium and other zones. At the 
end of the growth period, a chorion is deposited around each mature oocyte by 
the follicular epithelium. Histochemical studies on this score are also limited to a 
few species. The results of the present investigations have been carefully 
integrated with an attempt to study the histochemical characteristics (Nucleic 
acid, Protein and Glycogen) of the testicular and ovarian secretory granules of 
S. obliqua. 
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2. OBSERVATION AND RESULTS 
2.1. HISTOCHEMISTRY OF UNTREATED REPRODUCTIVE ORGANS 
2.1.1. NUCLEIC ACID 
2.1.1.1. Ovariole (OvI) (Plate-XVII, Fig. 81 & 82) 
Since the nucleic acid have already been dealt in detail by Colombo 
(1956) in the oogenesis of silkworm, the present account is mainly confined to 
be follicular epithelial cells and the possible role of the nuclei of these cells in 
the formation of chorion. Prior to yolk formation, the cytoplasm of the follicular 
epithelial cells is rich in RNA (bright red). With the beginning of the yolk 
formation, the RNA of follicular epithelium decreases considerably. The nurse 
cells also appear to be strongly RNA positive. The nuclei, that are strongly red 
positive, do not show any increase or decrease in their DNA (clear green) 
contents, and at the time of chorion formation, the chromatin material doses do 
not pass either into the layers of chorion or the ooplasm. The DNA granules are 
seen in the present material as clear green in outer layer of ovariole after Methyl 
Green and Pyromin-Y staining. Nuclei as clear red in the cytoplasm are easily 
observed. 
2.1.1.2. Testes (Tes.) (Plate-XVIII, Fig. 80) 
The present study investigates the histochemical nature of the various 
cytoplasmic granules during the testis development of adult of S. obliqua. The 
presence of nucleic acid at various zones of testes is varied. Spermatogonial 
(Spg) and follicular epithelial region show moderate to low spermatocytic zones 
whereas spermatid (Spd) and sperm-cyst (Cst) zones show normal reactions for 
nucleic acid. 
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2.1.2. PROTEIN 
2.1.2.1. Ovariole (Ovi) (Plate-XXI. Fig. 93) 
The transverse section of ovariole of adult moth of S. obliqua showed high 
protein content after using Millon Reaction which was stained pink to brick red. 
All components of ovariole show strong positive reaction for protein. The 
granulated cytoplasm is intensely stained indicating large quantity of protein 
while it is slightly reduced within the ovariole but considerably increased in the 
out side of ovariole. 
2.1.2.2. Testes (Tes.) (Plate-XXI, Fig. 94) 
The protein analysis of testes was carried out of the adult of S. obliqua. 
The reaction for protein, stained, as pink to brick red was maximum is 
spermatogonia! (Spg) zone and spermatid (Spd) zone leaving the other zones 
including follicular zones as moderate. The mature sperm-cysts (Cst) zone was 
very rich and showed slight vacuolization. In the ooplasm (op), it was uniformly 
distributed. 
2.1.3. GLYCOGEN 
2.1.3.1. Ovariole (OvI) (Piate-XXIV, Fig. 108) 
The present investigation shows that glycogen appears early in the 
follicles and is contributed to the ooplasm mainly by the trophocyte. After the 
Periodic acid & Schiff-reagent treatment the glycogen appears as fine granules 
in the trophocyte and the oocyte (Ooc) but soon it increase quantitatively in the 
trophocyte and subsequently infiltrates into the ooplasm (op) where it gets 
uniformly distributed. The glycogen and other periodate reactive carbohydrate 
were in magenta while the nuclei are in blue colour. 
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2.1.3.2. Testes (Tes.) (Plate-XXIV, Fig. 107) 
Periodic acid & Schiff-reagent was employed to detect the glycogen In the 
formalin fixed testes of adult moth of S. obliqua. The glycogen and other periodic 
reactive carbohydrate turned magenta and nuclei blue. The reaction for 
glycogen was strong in interlobular partition wall (PtW) and follicular epithelium. 
Moderate in spermatid (Spd), sperms and spermatocytes, but slightly weak in 
spermatogonia (Spg) and other zones. 
2.2. HISTOCHEMISTRY OF TREATED REPRODUCTIVE ORGANS 
2.2.1. EFFECT OF MULTINEEM ON NUCLEIC ACID 
2.2.1.1. Ovarlole (OvI) 
The use of Methyl Green-Pyromin Y has revealed the presence of nucleic 
acid in the ovarioie of adult moth of S. obliqua. The reaction for nucleic acid was 
considerably reduced and shows irregular distribution with increasing multineem 
concentrations at some places. In cytoplasm zone RNA / DNA was weak and 
remained accumulated (Al) at certain points. Ovarioles were slightly affected 
with lower concentration of multineem (Plate-XIX, Fig. 83 & 84). Nucleic acid 
presence was very poor in ovarioles treated with 0.05 & 0.08% multineem. 
Follicular epithelial zone appears to possess a weak concentration of nucleic 
acid stain (Plate-XX, Fig. 87 & 90). 
2.2.1.2. Testes (Tes.) 
Effect of 0.08% multineem on the distribution of Nucleic acid of testis of 
adult moth of S. obliqua was studied (Plate-XX, Fig. 89). At low concentrations, 
multineem effect was not significant but higher concentrations gave significant 
results. At 0.08%, multineem very poor percentage and weak reaction for nucleic 
acid is observed. Spermatogonia) and follicular (Fol) zone show moderate to 
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weak and other zones of testes show absence of colour of Methyl Green-
Pyromin Y in the longitudinal section. 
2.2.2. EFFECT OF ACHOOK ON NUCLEIC ACID 
2.2.2.1. Ovarlole(Ovl) 
In the present observations, the effect of achook concentrations on 
ovariole development for distribution of nucleic acid was undertaken. Reaction 
for nucleic acid was almost similar to the control at lower concentrations (Plate-
XIX, Fig. 85 & 86), but presence of nucleic acid was highly affected at higher 
concentrations of achook. The cytoplasm of nurse cells and follicular epithelial 
cells remain unstained and seem to be DNA negative. Nucleic acid reaction was 
positive at certain zone but show irregular distribution as compared to control. 
Cytoplasmic material was accumulated (A!) at the epithelial living and vacuoles 
(Vo) were developed (Plate-XX, Fig. 88 & 92). 
2.2.2.2. Testes (Tes.) 
Longitudinal section of testis of adult moth of S. obliqua shows the 
distribution of nucleic acid in treated larvae with 0.006% achook (Plate- XX, Fig. 
91). At lower concentrations the effect was insignificant. However, higher 
concentration (0.006%) gave significant results. The spermatogonial (Spg) zone 
shows total absence of nucleic acid substance while in follicular (Fol) and 
epithelium (Epth) wall it was moderate to weak. 
2.2.3. EFFECT OF MULTINEEM ON PROTEIN 
2.2.3.1. Ovariole (OvI) 
Effect of multineem concentrations on ovariole development of adult moth 
of S. obliqua was undertaken for the presence of Protein. 0.01% concentration 
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reveals no change and was almost similar to the control (Plate-XXI, Fig. 95). 
Protein yolk was accumulated (Al) at outside and inside of ovariole and formed a 
ring shape structure. Moderate to low presence was in epithelium (Epth) and 
oocyte (Ooc) zone (Plate-XXII, Fig. 97 & 100). Higher concentration (0.08%) 
gave significant results, with about more than half zone of ovariole devoid of 
protein yolk (Plate-XXIII, Fig. 104). 
2.2.3.2. Testes (Tes.) 
Effect of multineem concentration for reaction of protein in testes of male 
adult moth of S. obliqua was studied (Plate-XXIII, Fig. 103). Lower 
concentrations show no significant effect, but high concentration (0.08%) 
brought remarkable changes. The distribution of protein was irregular in the 
whole testes. However, in some area it gave maximum presence while other 
areas showed insignificant presence and formed a ring shape of vacuoles (Vo). 
Its presence was strong in peritoneal sheath (Psh), which showed shrinkage as 
well, at certain points. 
2.2.4. EFFECT OF ACHOOK ON PROTEIN 
2.2.4.1. Ovariole (OvI) 
Effect of achook concentrations on ovariole of adult moth of S. obliqua for 
the distribution of protein was studied. At lower concentration the effect was 
slight but higher doses gave significant results (Plate-XXII, Fig. 98 & 102). 
Reaction of protein, treated with achook was almost similar as with multineem 
treatment. At 0.006% the proteins containing tyrosine percentage was reduced 
and cytoplasm material was moderate to low in protein analysis test (Plate-XXIII, 
Fig. 106). 
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2.2.4.2. Testes (Tes.) 
The section of testes of adult moth of S. obliqua shows the reaction for 
protein in the treated larvae with 0.004% achook concentration (Plate-XXII, Fig. 
101). The distribution of protein was moderate to low in spermatogonia! zone, 
spermatid (Spd) zone and follicular (Fol) wall. However, epithelium (Epth) zone 
shows almost normal reaction. Reaction for protein was irregular in whole testis 
section. 
2.2.5. EFFECT OF MULTINEEM ON GLYCOGEN. 
2.2.5.1. Ovariole(Ovl) 
The reaction for glycogen in ovariole of adult moth of S. obliqua emerged 
from treated larvae with multineem was undertaken. At low concentration 
(0.01%) glycogen distribution was slightly reduced (Plate-XXIV, Fig. 109). 0.025 
& 0.05% multineem greatly affected the distribution of glycogen and its presence 
very reduced in cytoplasm (Plate-XXV, Fig. I l l & 113). 
2.2.5.2. Testes (Tes.) 
Effect of multineem on testes of adult moth of S. obliqua was as certained 
for reaction of glycogen. Lower concentrations show no change and were almost 
similar to the control. 0.08% concentration affected the distribution of glycogen 
and was moderate to weak in follicular epithelium, zone of spermatid (Spd) and 
reduced in spermatozoa (Spz) (Plate-XXVI, Fig. 115). 
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2.2.6. EFFECT OF ACHOOK ON GLYCOGEN 
2.2.6.1. Ovariole (OvI) 
Distribution of glycogen in ovariole of adult moth of S. obliqua emerged 
from treated larvae with achook concentration was studied. Lower 
concentrations effect was similar to multineem observations, but at high dose 
(0.006%) its distribution was greatly reduced besides being irregular. The 
glycogen granules are evenly distributed in ooplasm in between yolk spheres 
and are more densely present in the peripheral region of ooplasm. More than 
half of the area of yolk was glycogen deficient (Plate-XXVI, Fig. 118). 
2.2.6.2. Testes (Tes.) 
Effect of 0.006% achook concentration on testes of adult moth of S. 
obliqua was studied (Plate-XXVI, Fig. 117). Reaction for glycogen in interiobular 
partition wall and spermatocyte zone was insignificant. However, it was normal 
to moderate in other zone of the testes. 
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4. DISCUSSION 
The present study demonstrates the general distribution of nucleic acid, 
protein and glycogen in the testes and ovariole of adult moths of Spilosoma 
oblique emerged from larvae treated with different concentrations of multineem 
and achook. Histochemical investigations were made using standard methods 
and then compared to the control ovariole and testes of same age group. The 
lower concentrations of insecticides did not evoke much response, but higher 
doses provided signified results. Achook was more potent than multineem 
affecting the various regions of ovariole and testes. 
The cytoplasm of the follicular epithelial cells of ovariole is rich in RNA, 
but in the beginning of the yolk formation its concentration was on the lower 
side. The nuclei, that are strongly red positive, do not show any increase or 
decrease in their DNA distribution, and at the time of chorion formation the 
chromatin materials do not pass either into the layer of chorion or to the 
ooplasm. These findings and almost similar to those described by Aggrawal 
(1962) in Bombyx mori. In accordance with the above observations the follicular 
epithelial cells in a variety of insects have been reported to be rich in RNA 
content (Ramamurty, 1963; Pollack and Telfer, 1969; Sidhra et al., 1984 and 
Bansal, 1988). The nurse cells of S. oblique, also appear to be strongly RNA 
positive. Several workers (Bier, 1963; Ramamurty, 1963; and Bansal, 1988) 
have reported similar results compared to the present results. Cummings and 
King (1969) in Drosophile melanogaster reported that the DNA content of nurse 
cell nucleus increases during the previtellogenic and early vitellogenic stages. 
Thereafter, a decrease in DNA content follows as reported by Aggrawal (1967) 
in Cellosobruchus analis and Bansal (1988) in Chrysomye megaceptiala. 
Tripathi and Chaudhry (1981) pointed contrasting results as compared to the 
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above observations where oocyte nucleus show increase in DNA content In 
Sarcophega ruficornis. 
The present study throws light on the presence of nucleic acid and nature 
of the various cytoplasmic granules during the testes development. 
Spermatogonia! and follicular epithelium zones show moderate to low 
spermatocytic zones whereas spermatid sperm-cyst zone shows normal reaction 
for nucleic acid. Banarjee and Raychaudhuri (1972) have suggested that in 
Gesonula punctifrons the spermatocytic and spermatid zones show strong, 
follicular epithelium moderate, whereas spermatogonial zone and sperms show 
very weak reactions for DNA. The follicular wall and spermatocytic zone give 
strong and spermatogonial zone, spermatozoa and the zone of the spermatids 
give moderate reaction for RNA. 
The ovariole of adult moth of S. obliqua showed higher protein content 
with Millon's reagent, which was stained to brick red. Proteins are the basic 
materials used in the foundation of new cells in all living systems. All 
components of ovariole show strong positive reaction for protein. The granulated 
cytoplasm is intensely stained indicating positive response, while it is slightly 
reduced within the ovariole while it increases in the periphery of ovariole. 
Proteins are omnipresent components of all tissues (Bonhag, 1955a, b). Telfer 
(1960) in cecropia moth has reported that in the female, protein is taken up from 
the haemolymph through the follicular epithelium and deposited in the oocyte 
yolk. According to Telfer and Smith (1970) in Hyalophora about 10,000,00 
vesicles are required for the formation of each protein yolk sphere. Bier (1963) 
also noted that in Calliphora and Musca the follicle cells secrete protein in the 
oocyte. deLoof and deWilde (1970) have demonstrated that in lepidoptera, 
about 75% of the proteins of the yolk are taken from the blood proteins. In the 
present study the reaction for protein, stained as pink to brick red was maximum 
is spermatogonial zone and spermatid zone leaving the other zones and 
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follicular as moderate. Banerjee and Raychaudhuri (1972) in G. punctifrons have 
also supported this view. 
While glycogen is not reported in all insect oocytes (Chapman, 1985), the 
present investigations show that glycogen appears early in the follicle and is 
contributed to the ooplasm mainly by the trophocyte. With periodic acid & Schiff-
reagent treatment the glycogen appears as fine granules in the trophocyte and 
the oocyte but soon it concentrates in the trophocyte and subsequently infiltrates 
into the ooplasm where it gets uniformly distributed. These findings receive 
support from studies on other insects (Bonhag, 1955a; Kugler et al., 1956 and 
Aggrawal, 1967). Shiomi and Kitazume (1956) in the case of unfertilized 
Drosophila eggs have reported that the 6%of ooplasm content are glycogen. 
Though the presence of glycogen in the follicular epithelium has been described 
in number of insects (Aggrawal, 1960), nevertheless Bonhag (1955b) who 
investigated Anisolablis does not preclude the possibility of the glucose passing 
from the follicular epithelium to the oocyte and finally getting converted in to 
glycogen seem to be the natural course. In the present observation the reaction 
for glycogen was strong in interlobular partition wall and follicular epithelium, 
moderate in spermatid, sperms and spermatocytes, but slightly weak in 
spermatogonia and other zones. Thus the present investigations are in 
conformity with the views of Banerjee and Raychoudhuri (1972) who maintains 
that PAS positive substances are most abundant in apical cell, moderately 
present in follicular epithelium, zones of spermatid and spermatozoa and weakly 
so in spermatocytic zone. 
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5. SUMMARY 
Control (Untreated) 
1. Ovarian and testis maturation in the adult moth of S. obliqua is characterized 
by numerous histochmical changes within the follicular epithelium and other 
zones. 
2. Prior to yolk formation, the cytoplasm of the follicular epithelial cells is rich in 
RNA (bright red). The nuclei do not show any increase or decrease in their 
DNA (clear green) contents. The chromatin materials do not pass either into 
the layers of chorion or the ooplasm at the time of chorion formation. 
3. The DNA granules are seen as clear green in outer layer of ovariole after 
Methyl Green - Pyromin Y staining. 
4. The presence of nucleic acid at different zones of testes is varied. 
Spermatogonia! and follicular epithelium zones show moderate to low 
spermatocytic zones, whereas spermatid sperm-cyst zones shovy normal 
reaction for nucleic acid. 
5. The components of ovariole show strong positive reaction for protein. The 
granulated cytoplasm is intensely stained indicating large quantity of protein 
while it is greatly reduced within the ovariole but considerably increased is 
the periphery of the ovariole. 
6. The reaction for protein was positive in spermatogonial zone and spermatid 
zone leaving the other zone including follicular zone as moderate. In the 
ooplasm, it was uniformly distributed. 
7. The glycogen appears as fine granules in the trophocyte and the oocyte but 
soon it increases quantitatively in the trophocyte and subsequently infiltrates 
into the ooplasm where it gets uniformly distributed. 
156 
\ybieruation and iKeSulti 
8. The reaction for glycogen was strong in intralobular partition walJ and 
follicular epithelium, moderate in spermatid, sperms and spermatocytes but 
slightly weak in spermatogonia and other zones. 
Treated 
Different concentration of multineem viz., 0.01%, 0.025%, 0.05%, 0.08% 
and achook viz., 0.001%, 0.002%, 0.004%, 0.006% were used against 
histochemical parameters. 
Nucleic acid 
1. The reaction for nucleic acid in ovahole was slightly affected with lower 
concentration and irregular distribution with the increasing multineem 
concentrations. Nucleic acid presence was very poor in ovariole treated with 
0.05 and 0.08% multineem. 
2. 0.08% multineem shows very poor percentage and weak reaction for nucleic 
acid in testes. The spermatogonia and follicular zone show moderate to weak 
and other zones of testes show absence of colour of Methyl Green-Pyromin 
Y. 
3. Reaction for nucleic acid in ovariole was almost similar to the control at lower 
concentration, but highly significant with the higher concentrations of achook. 
4. 0.004 & 0.006% achook shows the nucleic acid reaction in ovariole as 
positive at certain zone but irregular distribution as compared to control. 
Cytoplasm material was accumulated at the epithelial lining and vacuoles 
developed. 
5. 0.006% achook shows the spermatogonial zone with total absence of nucleic 
acid substance while in follicular and epithelium wall it was moderate to 
weak. 
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Protein 
6. 0.01% multineem reveals no change of protein in ovariole when compared to 
the control. 
7. 0.025 & 0.05% multineem shows the protein yolk accumulated at outside and 
inside of ovariole and formed a ring shape structure. Moderate to low 
presence was observed in epithelium and oocyte zone. 
8. 0.08% multineem give significant results, with about more than half zone of 
ovariole having devoid of protein yolk. 
9. 0.08% multineem shows the irregular distribution of protein in the whole 
testes. However, in some area it gave maximum presence while other areas 
showed insignificant presence and formed a ring shape of vacuoles. 
10. At 0.006% achook the proteins containing tyrosine percentage was reduced 
and cytoplasm materiel was moderate to low in protein analysis test of 
ovariole. 
11.0.004% achook shows the distribution of protein as moderate to low in 
spermatogonial zone, spermatid zone and follicular wall. However, epithelium 
zone shows almost normal reaction. Reaction for protein was variable in 
whole testis section. 
Glycogen 
12.0.01% multineem shows the glycogen distribution as slightly reduced in 
ovariole region. 
13. 0.025 & 0.05% multineem greatly affected the distribution of glycogen and its 
presence was greatly reduced in cytoplasm of ovariole. 
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14. 0.08% multineem affected the distribution of glycogen which was moderate 
to weak in follicular epithelium, zone of spermatid and reduced in the 
spermatozoa. 
15. Lower concentrations of achook show the glycogen reaction as similar to 
multineem distributions. 
16. Higher concentration (0.006%) of achook affected the distribution of 
glycogen which was greatly reduced and irregular. The glycogen granules 
are evenly distributed in ooplasm in between yolk spheres and are more 
densely present in the peripheral region of ooplasm. 
17.0.006% achook shows the reaction for glycogen in interlobular partition wall 
and spermatocyte zone which are insignificant. However, it was normal to 
moderate in other zone of the testes. 
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Ac 
AcGI 
Aed 
Al 
aza 
bd 
Bcpx 
Bl 
BMb 
bo 
BOD 
bs 
CdAcGI 
Ch 
est 
Dej 
DNA 
EC 
el 
Epth 
Fc 
Fig 
Fol 
g 
Grm 
Grs 
hac 
Alimentary canal 
Accessory Gland 
Aedeagus 
Accumulate 
Azadirachtin 
Bursal duct 
Bursa copulatrix 
Bulging & Loop formation 
Basement Membrane 
Bursal orifice 
Biological Oxygen Demand 
Bursal sac 
Common Duct of Accessory Gland 
Chorion 
Sperm-cyst 
Ejaculatory duct 
Deoxy ribo Nucleic Acid 
Emulsifier Concentration 
Elliptical 
Epithelium 
Follicular cells 
Figure 
Follicles 
gram 
Germarium 
Germ celis 
Hectare 
^^DOreuiatit 
hrs 
Irs 
L:D 
LC 
Lit 
|im 
mg 
ml 
mm 
Nrc 
Nu 
Ode 
Odl 
Ooc 
op 
Opr 
Ov 
OvI 
Pe 
PI 
Psh 
PtW 
Pvt. Ltd 
ResAcGI 
ResGI 
RH 
RNA 
Sd 
SD 
hours 
Irregular swelling 
Light: Dark 
Lethal Concentration 
Liter 
Micrometer 
Milligram 
Milliliter 
Millimeter 
Nurse cells 
Nucleus 
Common oviduct 
Lateral oviduct 
Oocytes 
Ooplasm 
Oviporous 
Ovary 
Ovariole 
Pedicel 
Peritoneal layer 
Peritoneal sheath 
Partitioning Wall 
Private Limited 
Reservoir Accessory Gland 
Reservoir Gland 
Relative Humidity 
Ribo Nucleic Acid 
Seminal duct 
Standard Deviation 
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SE 
Septh 
Spd 
Spg 
Spt 
SptD 
SptGI 
SptR 
Spz 
t 
Tes 
TF 
Vag 
vd 
Vo 
Vsm 
i 
Vtl i 
t 
Ylk i 
Standard Error 
Distinct cyncytial epithelium 
Spermatid 
Spermatogonia 
Spermatotheca 
Spermatothical Duct 
• 
Spermatothical Gland 
Spermatothical Reservoir 
Spermatozoa 
Significant test 
Testes 
Terminal Filament 
Vagina 
Vasa deferentia 
Vacuole 
Seminal vesicle 
Vitellarium 
Yolk 
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EXPLANATION OF FIGURES 
I 
Fig. 1. Freshly laid egg mass of Spilosoma obliqua. 
Fig. 2. Egg mass of S. obliqua. Just before hatching. 
i 
Fig. 3. First instar larvae of S. obliqua. 
I 
Fig. 4. Second instar larvae of S. obliqua. 
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Fig. 5. Third instar larvae of S. obliqua. 
Fig. 6. Fourth instar larvae of S. obliqua. 
Fig. 7. Fifth instar larvae of S. obliqua. 
Fig. 8. Sixth instar larvae of S. obliqua. 
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i 
Fig. 9. Newly formed pupae of S. obliqua. 
I 
Fig. 10. Fully mature pupae of S. obliqua. 
I 
Fig. 11. Adult female moth of S. obliqua. 
1 
Fig. 12. Adult male moth of S. obliqua. 
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Fig. 13 & 14. Normal female reproductive system of adult moth of S. 
I obliqua. 
I 
Fig. 15. Longitudinal section of ovariole (100X) of untreated adult moth of 
S. obliqua. 
Fig. 16. Longitudinal section of ovariole (450X) of untreated adult moth of 
I S. obliqua. 
\ 
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I 
Fig. 17 & 18. Normal male reproductive system of adult moth of S. obliqua. 
Fig. 19. Transverse section of testis (450X) of untreated adult moth of S. 
I obliqua. 
Fig. 20. Transverse section of testis (100X) of untreated adult moth of S. 
I obliqua. 
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I 
Fig. 21. Longitudinal section of ovariole (100X) of affected female 
emerged from larvae treated with 0.01% multineem. 
! 
Fig. 22. Reproductive system of male adult moth of S. obliqua emerged 
from larvae treated with 0.01 % multineem. 
Fig. 23. Longitudinal section of testis (100X) of male adult moth of S. 
obliqua emerged from larvae treated with 0.01 % multineem. 
Fig. 24. Incomplete emergence in pupae affected with 0.01% multineem. 
Fig. 25. Malformation in wings of adult moth of S. obliqua emerged from 
larvae treated with 0.01% multineem. 
1 
Fig. 26. Coiled ovary of adult female moth of S. obliqua treated with 
I 0.01% multineem. 
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I 
Fig. 27. Reproductive organs of male adult moth of S. obliqua emerged 
from larvae treated with 0.025% multineem. 
Fig. 28. Longitudinal section of testis (450X) of male adult moth of S. 
j obliqua emerged from larvae treated with 0.025% multineem. 
s f 
Fig. 29. Coiled ovary of adult female moth of S. obliqua emerged from 
larvae treated with 0.025% multineem. 
! 
Fig. 30. Longitudinal section of ovariole (100X) of female adult moth of 
S. obliqua emerged from larvae treated with 0.025% multineem. 
Fig. 31. The malformed pupae which failed to emerge under 0.025% 
multineem treatment. 
Fig. 32. Malformed adults under 0.025% multineem treatment. 
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i 
Fig. 33 & 34. Male reproductive organs of adult moth of S. obliqua 
emerged from larvae treated with 0.05% multineem. 
Fig. 35. Section of testis (450X) of male adult moth of S. obliqua emerged 
. from larvae treated with 0.05% multineem. 
Fig. 36. Deformities at the larval-pupal transformation of S. obliqua larvae 
treated with 0.05% multineem. 
Fig. 37. Characteristic deformities of adult moth of S. obliqua emerged 
from larvae treated with 0.05% multineem. 
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Fig. 38 & 39. Female reproductive organs of S. obliqua emerged from 
! larvae treated with 0.05% multineem. 
I ! 
Fig. 40. Coiled ovaries of adult moth of S. obliqua emerged from larvae 
i treated with 0.05% multineem. 
Fig. 41. Longitudinal section of ovarioie (450X) of female adult moth of S. 
[• obliqua emerged from larvae treated with 0.05% multineem. 
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I 
Fig. 42 & 43. Male reproductive organs of S. obliqua emerged from larvae 
. treated with 0.08% multineem. 
Fig. 44. Transverse section of testis (450X) of male adult moth of S. 
obliqua emerged from larvae treated with 0.08% multineem. 
I 
Fig. 45. Deformities at the larval-pupal transformation of S. obliqua 
I larvae treated with 0.08% multineem. 
Fig. 46. Malformed adult moths of S. obliqua emerged from larvae treated 
^ with 0.08% multineem. 
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! I 
Fig. 47 & 48. Female reproductive organs of S. obliqua emerged from 
I larvae treated with 0.08% multineem. 
Fig. 49. Coiled ovaries of adult moth of S. obliqua larvae treated with 
I 0.08% multineem. 
I 
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Fig. 50. Longitudinal section of ovariole (4SOX) of female adult moth of S. 
. obliqua emerged from larvae treated with 0.05% multineem. 
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Fig. 51. Longitudinal section of ovariole (450X) of female adult moth of S. 
obliqua emerged from larvae treated with 0.001 % achook. 
Fig. 52. Coiled ovaries of adult moth of S. obliqua emerged from larvae 
treated with 0.001 % achook. 
Fig. 53. Longitudinal section of testis (100X) of male adult moth of S. 
obliqua emerged from larvae treated with 0.001 % achook. 
1 I 
Fig. 54. Deformities in adult moths of S obliqua emerged from larvae 
treated with 0.001 % achook. 
I 
Fig. 55. Incomplete emergence as affected by 0.001 % achook. 
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I 
Fig. 56. Male reproductive organs of adult moth of S. obliqua emerged 
from larvae treated with 0.002% achook. 
Fig. 57. Longitudinal section of testis (100X) of male adult moth of S. 
I obliqua emerged from larvae treated with 0.002% achook. 
Fig. 58. Coiled ovaries of adult moth of S. obliqua larvae treated with 
0.002% achook. 
I 
Fig. 59. Longitudinal section of ovariole (450X) of female adult moth of 
I S. obliqua emerged from larvae treated with 0.002% achook. 
Fig. 60. Malformed adult moths of S. obliqua emerged from larvae treated 
I with 0.002% achook. 
Fig. 61. Incomplete larval-pupal transformation larvae treated with 
0.002% achook. 
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Fig. 62 & 63. Male reproductive organs of S. obliqua emerged from larvae 
treated with 0.004% achook. 
Fig. 64. Transverse section of testis (450X) of male adult moth of S. 
obliqua emerged from larvae treated with 0.004% achook. 
Fig. 65 Incomplete pupal formation larvae treated with 0.004% achook. 
I 
Fig. 66. Malformed adult moths of S. obliqua emerged from larvae treated 
with 0.004% achook. 
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Fig. 67 & 68. Female reproductive organs of adult moth of S. obliqua 
I emerged from larvae treated with 0.004% achook. 
Fig. 69. Coiled ovaries of adult moths of S. obliqua emerged from larvae 
I treated with 0.004% achook. 
Fig. 70. Longitudinal section of ovariole (450X) of female adult moth of 
S. obliqua emerged from larvae treated with 0.004% achook. 
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I 
Fig. 71 & 72. Male reproductive organs of adult moth of S. obliqua 
j emerged from larvae treated with 0.006% achook. 
I 
Fig. 73. Transverse section of testis (450X) of male adult moth of S. 
I obliqua emerged from larvae treated with 0.006% achook 
1 1 
Fig. 74. Incomplete emergence in the affected pupae of S. obliqua larvae 
treated with 0.006% achook. 
I 
Fig. 75. Incomplete larval-pupal transformation caused by 0.006% 
achook. 
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I 
Fig. 76 & 11. Female reproductive organs of male adult moth of S. obliqua 
I emerged from larvae treated with 0.006% achook. 
Fig. 78 Coiled ovaries of adult moths of S. obliqua emerged from larvae 
treated with 0.006% achook. 
Fig. 79. Longitudinal section of ovariole (450X) of female adult moth of S. 
obliqua emerged from larvae treated with 0.006% achook. 
PLATE-XVII 
77 
/ 79 
PLATE-XVIII 
EXPLANATION OF FIGURES 
Fig. 80. Longitudinal section of normal testis of adult moth of S. obliqua 
! showing distribution of Nucleic acid (450X). 
Fig. 81. Longitudinal section of normal ovariole of S. obliqua showing 
distribution of Nucleic acid (450X). 
Fig. 82. Transverse section of normal ovariole of S. obliqua showing 
distribution of Nucleic acid (450X). 
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I 
83. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.01% multineem showing 
distribution of Nucleic acid (450X). 
84. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.025% multineem showing 
distribution of Nucleic acid (450X). 
I 
85. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.01% achook showing 
distribution of Nucleic acid (450X). 
86. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.002% achook showing 
distribution of Nucleic acid (10 OX). 
PLATE-XIX 
PLATE-XX 
i EXPLANATION OF FIGURES 
I I 
Fig. 87. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.05% multineem showing 
distribution of Nucleic acid (450X). 
i I 
Fig. 88. Longitudinal section of ovariole of adult moth of S. obliqua 
I emerged from larvae treated with 0.004% achook showing 
j distribution of Nucleic acid (450X). 
Fig. 89. Longitudinal section of testis of adult moth of S. obliqua 
emerged from larvae treated with 0.08% multineem showing 
distribution of Nucleic acid (450X). 
Fig. 90. Longitudinal section of ovariole of adult moth of S. obliqua 
I emerged from larvae treated with 0.08% multineem showing 
distribution of Nucleic acid (450X). 
Fig. 91. Longitudinal section of testis of adult moth of S. obliqua 
emerged from larvae treated with 0.006% achook showing 
distribution of Nucleic acid (450X). 
! 
Fig. 92. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.006% achook showing 
distribution of Nucleic acid (450X). 
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Fig. 93. Longitudinal section of normal ovariole of adult moth of S. 
I obliqua showing distribution of Protein (450X). 
Fig. 94. Longitudinal section of normal testis of adult moth of S. obliqua 
showing distribution of Protein (450X). 
Fig. 95. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.01% multineem showing 
distribution of Protein (450X). 
Fig. 96. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.001% achook showing 
distribution of Protein (450X). 
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Fig. 97. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.025% multineem showing 
distribution of Protein (450X). 
t 
! I 
Fig. 98. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.002% achook showing 
distribution of Protein (450X). 
Fig. 99. Longitudinal section of testis of adult moth of S. obliqua emerged 
from larvae treated with 0.05% multineem showing distribution of 
Protein (450X). ! 
1 
Fig. 100. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.05% multineem showing 
distribution of Protein (450X). 
Fig. 101. Longitudinal section of testis of adult moth of S. obliqua emerged 
from larvae treated with 0.004% achook showing distribution of 
Protein {450X). 
i 
Fig. 102. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.004% achook showing 
distribution of Protein (450X). 
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Fig. 103. Longitudinal section of testis of adult moth of S. obliqua emerged 
j from larvae treated with 0.08% multineem showing distribution of 
I Protein (450X). 
Fig. 104. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.08% multineem showing 
j distribution of Protein (450X). 
Fig. 105. Longitudinal section of testis of adult moth of S. obliqua emerged 
from larvae treated with 0.006% achook showing distribution of 
Protein (450X). 
Fig. 106. Longitudinal section of ovariole of adult moth of S. obliqua 
j emerged from larvae treated with 0.006% achook showing 
; distribution of Protein (450X), 
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Fig. 107. Longitudinal section of normal testis of adult moth of S. obliqua 
showing distribution of Glycogen (450X). 
Fig. 108. Longitudinal section of normal ovariole of adult moth of S. 
obliqua showing distribution of Glycogen (450X). 
Fig. 109. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.01% multineem showing 
distribution of Glycogen {450X). 
Fig. 110. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.001% achook showing 
distribution of Glycogen (450X). 
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Fig. 111. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.025% multineem showing 
distribution of Glycogen (450X). 
Fig. 112. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.002% achook showing 
distribution of Glycogen (450X). 
Fig. 113. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.05% multineem showing 
distribution of Glycogen (450X). 
Fig. 114. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.004% achook showing 
distribution of Glycogen (450X). 
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Fig. 115. Longitudinal section of testis of adult moth of S. obliqua emerged 
from larvae treated with 0.08% multineem showing distribution of 
Glycogen (450X). 
Fig. 116. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.08% of multineem showing 
distribution of Glycogen (450X). 
Fig. 117. Longitudinal section of testis of adult moth of S. obliqua emerged 
from larvae treated with 0.006% achook showing distribution of 
Glycogen (450X). 
Fig. 118. Longitudinal section of ovariole of adult moth of S. obliqua 
emerged from larvae treated with 0.006% achook showing 
distribution of Glycogen (450X). 
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